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PREFACE. 


I N these days of technical education students of mining possess many advantages over their 
predecessors. The rapid strides which education has recently made has enabled those persons 
who aspire to the positions of colliery managers, mining engineers, or inspectors of mines, to enter 
upon their work with a knowledge of the theory of mining which leaves little to be desired, and 
which if rightly applied in practical life ought to be of invaluable service to them. Fifty years ago, 
when I was a young man, we were very differently situated. At that time there were no schools 
for technical instruction, and supposing there had been, we could not have availed ourselves of their 
privileges because of the early age at which we were sent to the mine and the enormous demands 
which were made upon our time and strength while there. Nevertheless, the men who have 
been called upon to manage mines from the hard schools of experience in past days were shrewd, 
fairly intelligent, and generally capable men. What they lacked in theory they were compelled, by 
the sheer force of circumstances, to supply by observation and experience, and it is only fair to add 
that in some respects they were far superior to many persons who make much larger pretensions in 
the present day. I do not wish to be misunderstood. I do not disparage advancement in 
technical knowledge, for I regard the progress it is now making with feelings of thankfulness; 
but what I desire to impress upon the minds of my readers is the danger which I see all around me, 
namely, of resting satisfied with theoretical knowledge simply. I am persuaded that there are 
many men, mining engineers and managers of mines, who are using a mere knowledge of the theory 
of mining as a substitute for the more important practical or experimental knowledge. No man 
should be thought capable of managing a mine because he has passed an examination in mere 
theory, however proficient and clever he may be considered. What we more especially need in the 
present day are men who combine both. There are lessons which can only be learned by having 
to face the difficulties of working in the mine, or by being compelled to brave the dangers incident 
upon such labour. A manager, to be of real value to his employer and worthy of the confidence the 
men are obliged to repose in him, should possess a knowledge of mining beyond what is gathered 
from books only. But it may be asked, why add another to the many books already extant on 
mining ? I reply that I am conscious of the fact that their name is legion, but it must be admitted 
that they are written for the greatest part by mere theorists, men who have not soiled their hands 
with labour nor experienced the real difficulties the workmen have to meet. It occurred to me, 
therefore, after more than fifty years’ labour in all kinds of mines, that such a work as I have com¬ 
piled might be of great service to many who have not had the practical experience which I have 
passed through; and in the hope that it may be the means of aiding many persons engaged in 
mining operations, I have ventured to put a few thoughts together in the form of the present 
treatise. Of this I am confident, whatever reception the work may meet with, that all I have 
stated can be verified by facts. 

WILLIAM SEDDON. 

Ashton-under-Lyne, June 30th, 1887. 






















Coal Mining. 


CHAPTER I. 

Coal—Its Nature and Utility. 

1. The value of coal.—2. Derivation of the term “coal.”—3. The utility of coal.—4. Its component parts.—5. Varieties of 
coal and their uses.—6. Coal strata.—7. Duration of coal supply.—8. Royalties. 

1. One of the greatest sources of the wealth of Great Britain is her mines. In this respect 
Providence has been especially bountiful to her. Within the bosom of this little island are wrapped 
up mineral treasures of inestimable value. Among these minerals coal occupies a very prominent 
position. No mineral has contributed more to our domestic comfort or to the development of our 
manufactures than coal. Almost every occupation in which men are engaged finds it an indispen¬ 
sable auxiliary in producing motive power, consequently it has formed one of the most important 
factors in advancing our mercantile interests, and the fact that there has been for many years an 
abundant supply of coal has had very much to do with our commercial supremacy among the nations 
of the world. Referring to this fact, James Garfield, the late President of America, once said in an 
address on education that “ But for her mineral resources England would be only the hunting park 
of Europe, and it is believed,” he continued, “ that her day of greatness will terminate when her coal¬ 
fields are exhausted.” 

2. The derivation of the term coal is very doubtful. Some lexicographers define it as a 
substance that kindles or burns ; wood charred; a solid, black, combustible substance used for fuel, 
dug out of the earth.” They give as its etymology the following roots: Anglo-Saxon, col, coll ; 
Icelandic, Jcol ; German, kohle ; connected with the Swedish kylla, to kindle, and the Latin caleo to be 
hot. Richardson, however, referring to the etymology of the word, says “ it is unsettled.” 

3. The multifarious uses to which coal is now put has increased its importance and value. 
Originally heat and light, principally the former, were the only results obtained from it, and to pro¬ 
duce which were considered of no mean significance. During the present century many discoveries 
have been made, and new methods of usefulness invented, so much so, that this mineral has become 
an indispensable agent in almost every branch of business. Before the 18 th century had closed it 
had been discovered that coal might be used for purposes of illumination, and early in the present 
century gas was applied to public buildings and open spaces. The origin of this important departure 
is described as follows: “Soon after 1792, Murdock, the engineer in charge of some of Boulton 
and Watt’s engines, suggested that the gas might be conducted through tubes and employed as an 
economical substitute for lamps and candles. To light him on his homeward way he used to carry a 
bag of gas under his arm with a lighted jet before him, and tradition tells us of his frightening the 
superstitious miners whom he met in the dark by a sudden squeeze of his bag, which threw out a 
long flame, taken assuredly for the fiery tongue of the arch demon himself.” Since that time the 
development which has been made in the application of coal to various purposes has been most sur¬ 
prising, and the achievements of the chemist in this direction have far outstripped the expectations of 
the most sanguine persons who have regarded the future possibilities of this mineral as being very 
great indeed. Mr. W. W. Smyth, speaking of some of the results which have been obtained by 
chemical analysis, says : “ The once useless and foetid products of its distillation have been made to 
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yield new scents and savours. From its naphtha are obtained the paraffin of oil, and the beautiful 
translucent solid paraffin, which in brilliancy and purity excels wax itself; and from its amhne 
are obtained a galaxy of brilliant colours, among which need only to be mentioned the popular 
mauve and magenta to prove the varied forms under which the products of coal have found their 

way into the useful arts.” 

4 Coal is a vegetable matter which has been converted into a mineral, either “ by the 
lapse of time or some chemical action of a peculiar kind.” Sir Henry E. Roscoe says : “ It consists 
of the remains of a vegetable world which once flourished on the earth’s surface : the original woody 
fibre has undergone a remarkable transformation in passing into coal, having been subjected to a 
process similar, in a chemical point of view, to that by which wood is transformed into charcoal. 
It has not, however, lost the whole of its hydrogen and oxygen, and it has at the same time 
become bitumenised, so that for the most part all the vegetable structure has disappeared. There 
are many different kinds of coal, containing more or less of the oxygen and hydrogen of the 
original wood: cannel coal and boghead coal contain the most hydrogen, and anthracite coal the 
least.” Professor Ansted, the celebrated geologist, referring to the chemical changes which take 
place as the wood or vegetable matter is transformed into coal, says . The component parts of all 
vegetables are chiefly carbon, oxygen, and hydrogen ; but a considerable part of the latter element 
is in the state of water, and a certain percentage of earthy matter and the alkalies are also 
present (nitrogen, we may add, is a valuable constituent of some coals). The water is sometimes 
90 per cent of the whole plant, but generally in wood it forms from 18 to 50 per cent. After a 
time, by pressure and exclusion from the atmosphere, this water is to a great extent got rid of; 
and the carbon, if unable to combine with the oxygen in the natural process of decay, is preserved 
for an indefinite period, together with the earthy and alkaline ingredients. As time advances, 
further changes take place; the external form becomes altogether lost, and even the texture becomes 
confused, but in this state wood can remain for a very long time without alteration, and if then 
exposed to the air it forms the imperfect fuel called lignite. When, however, either by the influence 
of time or chemical action, a further change takes place, the proportions of the gases, and also of 
the mineral ingredients, are found to alter essentially, so that in pure woody fibre there is about 
52l per cent of carbon, 42 of oxygen, and 5^ of hydrogen, the proportion of ashes being less 
than one per cent. Peat is found to contain 50 to 70 per cent of carbon, 20 to 25 of oxygen, and 
10 to 20 per cent of ash; while lignite, with about the same proportion of carbon, has much less 
ash and 30 to 36 per cent of oxygen. Lastly, coal, when of good quality, has from 80 to 90 per¬ 
cent of carbon, rarely 10 per cent of oxygen, and less than 5 per cent of ash. In all these cases 
the proportion of hydrogen remains; but in wood, peat, and lignite it is combined with part of the 
oxygen in the form of water; and in coal, instead of the oxygen, a part of the carbon is combined 
with the hydrogen, forming carburetted hydrogen gas. This composition, with certain differences 
in compactness and uniformity of texture, is among the characteristic peculiarities of coal; and 
the more perfectly these conditions are fulfilled in any mineral fuel the more this mineral becomes 
available as real coal. It is not unlikely that gas thus formed occupies the place of water in the 
cells of the plant when in its new and mineral condition. At any rate it is certain that on the 
removal of part of a bed of coal the gas issues very freely from these pores in large quantities, and 
is occasionally so abundant as to be a source of extreme danger.” 

5. The following are among the principal varieties of coal and the uses to which those different 
kinds of coal are put: (l) Bituminous coal is used chiefly for domestic purposes, and is considered a 
good house coal; (2) Cannel or parrot coal is used principally for the manufacture of gas ; (3) Jet 
coal is considered only a fine species of cannel; (4) Anthracite coal, which is generally hard and 
burns slowly, is used chiefly for raising steam and smelting iron; (5) Boghead contains a large 
quantity of volatile matter, and it was from this that paraffin oil was obtained. 

6. Coal generally lies in beds, which are sometimes level and sometimes tend to “ crop out,” 
or rise to the surface. In coal beds there are often many seams found, separated by shale and sand¬ 
stone. In some places the coal seams are found lying in perfect uniformity, as in Fig. 1. Here we 
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have an illustration of the coal strata tending to “ crop out ” at the surface. The coal strata are 
represented by the dark black lines a, b, c , d , c. Sometimes the coal is found in broken and 
irregular masses, mixed with large quantities of stone and other materials, and sometimes thrown 
up as in Fig. 2. It is supposed that in such cases the strata has been disturbed by some subterranean 
force. Another peculiarity of interest to the miner in connection with coal seams is the variety of 
ways in which they will terminate. One seam will taper off by thinning into a mere line, another 
will terminate abruptly, while other seams will be curved, as we have already seen in Fig. 2, and 
disappear for a time. Sometimes the strata are broken and dis-severed. This is called a fault by 
the miner, and is often a source of great difficulty and danger. (See Chapter on Faults.) 

7. The enormous demand which has been made upon our coal supply has recently caused 
those especially interested in the subject to investigate, so far as it is possible, the probable 
quantity of coal at our disposal, and to compute how long it will probably last at the present rate of 
consumption. In 1870 the Royal Commissioners estimated that there were about 146,480 millions of 
tons to be worked in the British coal-fields at a depth of about 4,000 feet. Mr. Price Williams, whose 
views were quoted by the Commissioners in 1870, estimated that the annual consumption at the end 
of one hundred years would reach no less than “ 274 millions of tons, and that the total quantity of 
available coal would only last 360 years.” Mr. Edward Hull contends that “upon the basis of an 
arithmetical increase of three millions of tons per annum (the increase of the 14 years ending 1871), 
the consumption at the end of a hundred years would be 415 millions of tons, and the estimated 
available quantity would be only sufficient to last for 276 years.” But he very judiciously adds, 
“Both these views, however, labour under the defect that they do not take into account the 
diminishing ratio at which coal must be consumed when it becomes scarcer and more expensive. 
The abrupt exhaustion of our coal-fields is an impossibility; and if it is to take place at all, it can 
only be by a slow and gradual process—concomitant with a complete, let us hope a higher and 
nobler, reorganisation of society.” 

8. One of the greatest drawbacks in mining operations is the royalties which are imposed 
upon the producers. Many mines have been forsaken, and the capitalists who worked them greatly 
embarrassed by this system of extortion. It is almost impossible to compute the actual amount of 
revenue which is derived from this source by the owners of the soil, but it is estimated that in 1883 
these men derived no less a sum from coal and iron ore than eight million sterling. At the Trades 
Union Congress held at Hull last year (1886) it was stated that “the landlords received a royalty of 
6d. per ton on coal, and the mine inspectors’ report lately showed that there had been raised 159,000,000 
tons in 1885.” If this be true, then, by putting these tons into money it will be seen that 
the landlords received in that year alone no less a sum than £3,975,000. It has been stated 
further that “the prices paid to colliers per ton vary considerably, seldom, reaching 10d., 
chiefly ranging from 6d. to 8d., so that the landlord pockets as much from underground 
rents as the collier, of whose sad end we so often hear through accidents and explosions. 
So great has the embarrassment become to those engaged in mining operations in Britain, 
during the last ten years, that the late Earl of Iddesleigh, acting upon a suggestion made in 
the House of Commons in September, 1886, addressed to several of Her Majesty’s representatives 
abroad instructions to make “inquiries on the important subject of state and private ownership in 
mineral deposits, and the royalties and rents paid in consideration of the privilege of extraction 
from beneath the soil.” The information thus accumulated has been published in a Blue Book from 
the Foreign Office, and will amply repay all persons interested in the subject to give it a thorough 
perusal. It shows how various are the systems in vogue in different countries on the Continent, and 
how it is that we are so heavily handicapped in competing with our neighbours. This subject 
is a very important one, and ought to be taken up by all persons interested in our national progress. 
The question of royalties will continue to press upon the minds of all thoughtful and prudent politicians 
until the present system has been so improved as to relieve those employed in the management of 
our mines of conditions which are at times felt to be both unjust and embarrassing. 


CHAPTEE II. 


Plant. 

1 Surface arrangements, &c—2. Care begets confidence.-3. The best plant is cheapest in the end.-4. Elegance and 
durability.—5. Engine house.-6. Pillars and platform.-7. Cages—8. Hopes—9. Tunnel from the shaft— 
10. The archway—11. Sump-hole—12. Strata—13. Underground jigging—14. Swing platform—15. Balance 
and balance road—16. Jig-brow—17. Cages on large scale—18. Round and flat ropes—19. Weight of steel ropes— 
20. Drums.—21. Spiral grooves.—22. How to make the grooves.—23. The best oils. 

1. Nothing is more conducive to the success of mining operations than good plant. At 
some mines, where the plant is of an inferior character, the results are anything but desirable, both 
for masters and men. Some proprietors seem, however, content, so long as it is possible for their 
employes to make some progress with their work, however little that may be, without serious risk 
to themselves. Again, a little observation only is needed to discern, in this respect, how carelessly 
the workings are managed at some mines. The reader need not descend the pit in order to 
understand with what indifference those at the head of affairs are directing the operations of the 
mine: a glance at the surface arrangements will be quite sufficient. It is almost certain that if, on 
the surface, the plant, ever exposed to the inspection of passers-by, is of an inferior character, and 
bears the impression of stint—if there is a clear indication of carelessness of method and decent 
arrangement—the same spirit of carelessness will pervade the underground workings also. Where 
the eye detects a tendency on the surface to do things in a hap-hazard manner, or a want of 
proper foresight and good judgment, it is only natural to suspect that below the suiface, and 
hidden away from the public gaze, the operations will also be carried on in such a “ blundering, 
day-by-day, makeshift” manner, as to be “productive of accident,” and the cause of much 
unnecessary loss of life and property. 

2. At the best regulated mines the plant is of the most efficient and substantial character, 
and is watched over and preserved intact by a kind of “ liberal economy” which not only impresses 
the mind of the observer with the wisdom and intelligence of those at the head of affairs, but even 
inspires the workmen with a feeling of confidence that all will he done which prudence and care 
can do to secure their safety as they descend the pit to follow their daily avocations. 

3. Once more. In the end the adoption of the best plant is most economic. At the 
commencement it may necessitate the expenditure of an extra amount of capital, but in the end it 
will turn out money saved and a good investment. Thousands of pounds have been literally 
thrown away or wasted in consequence of defective methods and the adoption of a kind of makeshift 
plant. The old saying, that “ the best in the end is the cheapest,” is as true when applied to colliery 
plant as anything else. 

4. In Plan I. are sketched a few particulars which may be of some service to students 
of mining, or those interested in any way in the establishment of new pits. In this plan I have 
shown some of the best arrangements extant for setting out the surface of a mine with the most 
modern and efficient system of plant. All the arrangements are so adapted as to secure efficiency, 
elegance of design, and durability. 

5. A A A shows side view of engine-house and pit-shaft head-frame. The interior 
dimensions of the engine house are: length 58ft., width 43ft.; the wall being 27in. in thickness. 
These dimensions give sufficient room for one pair of good engines of from 500 to 600 horse power. 
This size of house will also allow space on either side the engines of 4ft.—that is, between the 
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engine bed and the interior of the walls. It will also allow the same amount of space at the 
front and back of the engines. It is very important to have sufficient room about the engines, as 
well as plenty of light, and both are provided for in a house of the dimensions such as I have 
sketched, with the windows situated and of the same proportions as those shown on Plan I. 

6. BBB represent the iron pillars, or beams and pillars, forming the platform between 
the engine house and the pit head-frame, while the section and plan of the pit shaft, with wooden 
conductors and stays, are marked C C C. 

7. Plan I. shows also a bird’s-eye view of the pit, with two cages near one another. (See C 
and D.) The cage marked D is a double cage, constructed to hold eight waggons, weighing 
4cwt. each when empty. Each waggon will hold 8cwt. of coal. The aggregate weight of the 
iron cage and coupling chains is about 39cwt., and the total weight of the waggons, coal, chains, 
and cage is about 135cwt. 

8. For very high speeds of winding, a steel rope five inches in circumference is quite ample 
for lifting the above weight, with the weight of the rope added, from 600 to 700 yards. 

9. The mouth of the tunnel is marked E. This tunnel is wide enough to allow room for a 
passage by the pit shaft bottom, and is arched with stone or bricks or blocks of timber. 

10. In the archway is fixed one end of a cast-iron bearer, which crosses one side of the 
shaft. (See O.) The other end of this bearer is fixed in the archway of the opposite “ mouthing ” 
in the same way as at O. The bearer is for the purpose of carrying the brickwork or walling on 
one side of the pit, and for the archway crossing the side of the pit to butt against. This is a 
much superior plan to the one commonly adopted, namely, the “ bell mouthingfirst, because 
more room is obtained at the bottom of the pit; and secondly, because it is far more substantial 
and only costs about one-fourth the money. 

11. F shows the sump-hole for the bottom of the cage to rest in while the top deck is 
being either loaded or unloaded at the “ mouthing,” while G shows a side view of a section of 
a timbered roadway or tunnel, leading from the side of the sump-hole at the bottom of the pit to 
the mines. 

12. In sinking, it is needless to state there are various strata to pass through. No person 

would ever think of making any very serious pretensions to a knowledge of mining unless he was 
familiar with geology, and possessed a thorough knowledge of the various strata of the earth. 
While sinking through these different kinds of strata, the student of mining should be careful to 
make correct observations of the difficulties the various kinds of strata present, and diligent atten¬ 
tion should be given to the nature of each. (See Chapter on Sinking.) In Plan I. the section 
marked H represents the surface clay; I, sand and gravel; J, marl; while the outcrop of a coal¬ 
mine in three beds, and with beds of shale between, is marked K. The letters L L L show the 

position of the red rock. All these sections are drawn to a scale of 16ft. to the inch. 

13. In order to present at a glance as complete a plan as possible, I have added a section 
of underground jigging apparatus. The position and action of the jig wheels are shown by the 
letter M, while a section of a jig carriage with two rows of waggons, five in each row, that is ten in 
all, is marked N. More than ten waggons can be worked on this plan if required. 

14. The swing platform also is shown which brings the carriage into position, ready for the 

waggons being conveyed from the level end to the jig-brow. This platform is so nicely balanced that 
one person can work it either way, full or empty. P shows the jig-brow, and Q a level end with 
the waggons ready for being conveyed to the jig carriage; also the swing platform in position for the 
jig carriage to pass over. While the carriage is passing, the swing platform is held in position 

by catches or holders, as seen at V V. These catches can be worked by a lever bar. 
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15. R shows the balance road, and S the balance. The balance road being shown in section, 
it makes it appear as if it were under the carriage road, but that is not so. The balance and carriage 
run side by side in one and the same brow. 

16. The bottom of the jig-brow is seen at T, and the level from the bottom of the jig-brow 
to the pit shaft is marked U. All these underground sketches are drawn on a scale of 8ft. to the 
inch. 

17. Figs, 1 and 2 are to show a pit cage on a larger scale, in order to make the construction 
more apparent. 

18. The best kind of winding ropes are round,, iron or steel. They are lighter than flat ropes, 

and for the same strength are about one half the cost. It is possible to work from 300 to 400 yards 
deep or even more with these ropes on flat drums without a counterbalance. An iron wire rope 
4in. in circumference and 300 yards long weighs 2,100lb., or 18‘75cwt. The working load is 84cwt. 
This size of a rope is calculated to carry two tons of coal, four tubs, the weight of the cage, and its 
own weight, which together equal 87*85cwt. 18’75cwt. from two tons of coal leaves 21^cwt. 

which equals the pull of the engine when the load is at the pit top. 

19. A steel wire rope of the same strength as the one above would be 3-|in. in circum¬ 
ference and the weight of 300 yards would be 1,2371b. This weight deducted from the two tons of 
coal would give 28'95cwt., which equals the pull of the engine when the load is at the pit top. 

20. I once had to use round wire ropes on a flat drum. There was only a space of 7in. 
between the laps of each side rope, consequently I had great difficulty in keeping the ropes in their 

proper position, and they would sometimes over lap and sometimes run one over another. To 

_ * 

remedy this I had the drums grooved as in Fig. 3. These drums were originally made for flat 
ropes, and the engines were rather near the pit. Subsequently these flat ropes were changed for 
round ones, and the two flat rope drums were removed from one another as far as the length of 
the drum shaft would allow, and lagged with 6in. deep lags of English oak. After these drums 
had been grooved some time it was found that, so far as the wear and tear of the ropes was con¬ 
cerned, it was 100 per cent in their favour. The grooves caused the ropes to lap very nicely and 
prevented them from grinding one against another, and thus wearing one another out. 

21. It will be noticed that the grooves in Fig. 3 are spiral in shape, and each side rope works 
into the screw or spiral groove. As one side rope leaves the groove the other rope travels into it. 

22. It may not be out of place here to indicate a simple plan by which these grooves can 
be made. Fiist prepare a sufficient quantity of lags, and cut them to fit the circumference of the 
dium. They should be cut the proper length, and dressed to form a proper circle. They should be 
laid flat beside one another. (See Fig. 3.) By stringing a line across in a diagonal form to get one 
gioove, it will be easy to get the rest, as they will follow parallel to one another, but in the form 
of a sciew. This gioovmg can be done on the bench or floor before finishing them on the drum rims. 
After they aie fixed in their proper places they should be finished with sandpaper while the 
engine turns the dium. With this sort of drums the ropes take less grease, as the grooves hold it, 
and the ropes aie constantly giving and taking the grease in the grooves when in action. 

23. Good fish oil is preferable to any other for greasing wire ropes with, as it will work itself 
in between the wiies and into the hemp cores. Sometimes wire ropes have been known to break 
before they were half worn out, and on investigation it has been found that the inside of the rope 
was lusty, while the outside was quite smooth. The rope had been well greased with some kind of 

composition highly commended by some agent perhaps, but proved a failure. I have never found' 
this to be the case with the oil I have referred to above. 



















































































































































































































































































































































































































































































































































































































































Sketch of a portion ofa flat grooved 

• WINDING DRUM FOR ROUND WIRE ROPES. 
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CHAPTER III. 


Boring. 

1. Boring neglected.—2. Head-frame.—3. Drawing engine.—4. Arm to work drum.—5. Levers.—6. Rope twister.—7 and 8. 

Borer and cutter.—9. Borer with box.—10. Strong hoops.—11. Interior of slush-pump.—12. How to work slush- 
pump.—13. The breaking strain.—14. Screw grapnel.—15. How to catch broken rope.—16. How to catch the 
boss.—17. End view of boss.—18. Grapnel to catch the rod.—19. Slush-pump.—20. Interior.—21. Rope twister.— 
22. Soft ground.—23. Exterior of pipes.—24. Exterior of closed auger.—25. Interior.—26. Open auger.—27. Slush- 
pump.—28. Wooden plug.—29. Plug fixed.—30. Best pipe for soft ground.—31. Fallen ground.—32. Steel rasper.— 
33. End view of cutter.—34. Earth boring.—35. Winding drum.—36. Engine and arm.—37. Lever.—38. Lever for 
rods.—39. Pit or well.—40. Swivel.—41. How to lift rods.—42. Bore-hole with drill cutter. ; —43. How to place 
rods.—44. Slush-pump.—45. Auger for soft ground.—46. Auger for stiff clay.—47. Worm grapnel.—48. Views 
of box.—49. Rimer.—50. Arms for twisting rods, &c.—51. Hook.—52. Deep well. 

1. We now come to the subject of boring, and before we proceed to consider the plan which 
commends itself most to my own judgment I desire to state that experience has long led me to the 
conclusion that this subject has been too much overlooked by miners, or at least has not received an 
equal share of attention with other mining operations. Consequently, many of the systems of boriug 
now in vogue are old and very unsatisfactory, being both cumbersome and expensive. That there 
is plenty of room for the invention of improved methods is generally admitted. To encourage 
those persons who are desirous of seeing the subject more fully developed, and newer and more 
satisfactory methods adopted, I have sketched a few ideas which commend themselves to me, and 
which I doubt not will prove helpful to those who are anxious to pursue the subject to some practical 
issue. The plans which follow are for boring earth or artesian wells of great depths, and show also 
sketches of tackling for the same. 


EXPLANATIONS OF THE FIGURES IN PLATE I. 

2. Figs. 1 1 1 show the head-frame or shear-legs, with pulleys and winding-drum for the rope. 

3. Figs. 2 2 the driving engine for the same, for the purpose of winding up or lowering the 

borer. 

4. Figs. 3 3 an engine with arm to work the drum (1) backwards and forwards when boring. 
The arm can be lengthened as required by the screw and cap (a). 

5. Figs. 4 4 are levers by which to work the drum (1) when it is thought desirable to use 
manual labour. The boring can be carried on several hundred yards, if thought necessary, on this 
plan, by manual labour alone, but it is decidedly better, where practicable, to use steam power when 
working at great depths. 

6. Fig. 5 shows the rope twister, and can be used with equal facility when working either by 
manual labour or by steam power. It should be one mans work to twist the rope in order to give 
the cutter a new position each time the drill is moved. 

7. Fig. 6 shows the borer with a rose bit or double cutter. At the top end of the borer, it 
will be noticed, is a steel boss fastened by a key. This boss is nearly the same diameter as the 
cutter, and the bottom edge of it is made very sharp, so that it will dress the sides of the hole and 
keep it perfectly round. This boss also keeps the borer perpendicular. 
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8. Fig. 7 represents a similar borer to Fig. 6, but on a much larger scale. 

9. Fig. 8 shows the borer (7) with three bosses, one at the top, a second in the middle, 
and a third at the bottom of the borer. This is necessary when boring through hard ground in 
order to keep the hole both round and straight. 

10. Fig 9 shows Fig. 7 again without the boss at the top end, but put together in parts 
with strong hoops, so that it can be taken to pieces more readily for repairs, &c. 

' 

11. Fig 10 shows an interior view of a slush-pump for cleaning out slush and borings. 

(a) Is the bottom click, (6) the pump bucket, (c) the bucket click or lid, and ( d ) the pump-rod. 

12. After the borer has cut sufficient debris , it is drawn out of the hole to the surface. It is 
then removed from the hole and the slush-pump put into its place, and lowered to the bottom of 
the bore-hole. When the whole weight of the slush-pump hangs on the winding rope, the bucket 
will be at the top end of the working barrel, and when the slush-pump rests on the bottom of the 
bore-hole, and the winding rope is lowered still further, the bucket will slide down the working 
barrel. By working the winding rope backward and forward, as when boring, it will pump the 
slush and borings into the pump barrel, and the bottom click will hold it there. It should then 
be drawn to the surface and cleared, and the borer reinstated, and the work proceeded with as 

before. 

18. The breaking strain of an improved steel wire rope, flat, 2-|in. x r 6 in., is 46 cwt. for a 
bore-hole 1,000 yards deep. The weight of the rope and borer would never exceed 52 cwt., so that 
it would not require to be worked up to more than 1-18th of the breaking strain. With ordinary 
care, therefore, there should not be any breaking of ropes, but should the rope break, I have 
sketched a few devices for catching it again. 

14. Fig. 11 represents a screw grapnel with which to redeem the broken part. If it should 
occur that the screw grapnel is ineffectual, in consequence of the rope being broken from the rod, 
then the next figure should be used. 

■ 

15. Fig. 12 shows a very successful device for catching the rod. 

■ ' ■ 1 | II 

. - 

16. Fig. 13 represents a grapnel to catch the steel boss, Fig. 14. 

17. Fig. 15 represents an end view of the boss, with circular spaces in the side to allow 
the grapnel fork to pass. 

18. Fig. 16 is another kind of grapnel to catch the rod. When the lever (a) is pulled up 

the pointer ( b ) is forced down between the box and the rod, so that it jams the rod fast. 

>•> 

19. Fig. 17 represents a slush-pump, with small holes in the bottom for the slush to 
pass through. 

20. Fig. 18 shows the interior portion of the slush-pump, with valves in the bottom to hold 
the slush after it has entered the pump. 

21. Fig. 19 is an end view of Fig. 18, and Figs. 20 and 21 represent two different views of 
the rope twister shown in Fig. 5, but on a larger scale. 
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EXPLANATIONS OF THE FIGURES IN PLATE II. 

22. Fig. 1 shows the interior of the cast-iron pipes for lining the hore-hole within soft 
ground or quicksand. 

23. Fig. 2 shows the exterior of Fig. 1. When forcing them down through soft ground or 
sand they should be well weighted with iron or stone on the top, and balks of timber from 15 to 20 
feet long, fastened at the top of the pipes horizontally. The balks should be worked round like 
a gin-wheel either by hand, horses, or a crane. By this plan the pipes can be screwed down to a 
great depth. 

24. Fig. 3 shows the exterior of a closed auger for boring soft ground. 

25. Fig. 4 represents the interior of Fig. 3. 

26. Fig. 5 shows an open auger for boring stiff marl. 

27. Fig. 6 is a slush-pump for clearing slush or sand from the bore-hole. When boring 
the surface soil, clay, marl, or soft ground and sand, it is advisable to use iron rods with the 
auger and slush-pump. 

28. Fig. 7 represents a wooden plug with iron studs in the side for the purpose of lowering 
and raising the pipes in the bore-holes. 

29. Fig. 8 shows a plug fixed to a casing pipe. Bound the interior of the top flange of the 
pipe is a horizontal slot or groove, and two perpendicular slots from the top side of the flange 
to meet the horizontal slot. (See end view of the pipe as shown in Fig. 9.) The plug with studs is 
fixed in the end of the pipe. These studs slide down the perpendicular slots into the horizontal 
slot, when it is turned a little. It is then in a position either for lowering or laising the pipe. By 
turning the plug back until the studs are opposite the perpendicular slots it is possible to draw 
the plug and leave the pipe wherever it is thought necessary. If it is requisite to use great pressure 
when forcing the pipes down, this plug is an excellent instrument for the purpose, as it can then be 

drawn at pleasure. 

30. Fig. 10 shows the best kind of pipe for casing soft or broken ground. This iron pipe 
has an iron frame attached to it instead of the wooden plug alieady refened to for the purpose of 
lowering the pipe down to any depth in order to secure fallen or soft giound. By turning this iron 
frame round until the studs are opposite the vertical slots, the pipe may be left wherevei it is 
thought desirable. The bottom end of these pipes have steel springs riveted to them. These 
springs are pressed inwards and tied up with a hemp or cotton lope until the pipe reaches the pla^e 
required, then there is a sharp cutter (a) attached to a rope (b) suspended fiom the surface, and 
worked backwards and forwards until the binding rope is severed and has allowed the springs to 
press out upon the sides. These springs eventually press into the sides of the hole and thus 

prevent the pipes from falling lower. 

31. Fig. 11 represents the pipe described in Fig. 10 in its place when the ground has given 
way and fallen out as at c c c c. 

32. Fig. 12 shows the top, bottom, and side views of a steel rasper or rimer foi rounding 
or widening the hole. 

33. Fig 13 is an end view of a cutter for rounding or widening the hole. 

c 
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EXPLANATIONS OF FIGUKES IN PLATE III. 

* 

34. On Plate III. is shown a plan for earth boring with iron rods, also sketches of tackling 
for the same. 

35. Figs. Ill show the head-frame or shear-legs, with pulley and winding-drum; and Figs. 
2 2 represent the driving wheel and engine to work the same for the purpose of winding up or 
letting down the boring-rods. 

36. Figs. 3 3 show engine and arm to work the drum (l) when boring by steam power. 

This arm can be lengthened, as in the other instances, or shortened by the screw and cap 3 (a) as the 
boring is proceeding. 

37. Fig. 4 is a lever to work the drum at Fig. 1 by manual labour instead of by steam power. 

, i . 

38. Fi* 5 is a lever for the purpose of working the rods by hand when the winding- 
rope is disconnected. 

39. Fig. 6 represents the pit or well for the borers. 

40. Fig. 7 is a swivel for the purpose of connecting the boring-rods to the winding-rope or 
lever when required for working the same by hand. 

41. Fig. 8 is an arm for working, lifting, or twisting the boring-rods. Two men working this 
arm would bore some depth without the assistance of the lever or steam engine. One or two men 
should be kept at this arm in order to turn the rods while they are being worked by the lever or 
engine. After a few strokes the cutter should be set on the bottom of the hole, and two men should 
twist the rods round several times with this arm, in order to keep the hole round. 

42. Fig. 9 represents the bore-hole, with the drill cutter at the bottom of it. 

\ ' 

43. Fig. 10 shows how the boring-rods should be placed when lifted out of the hole for the 
puipose of changing the cutters or auger. After making sufficient debvis , the rods should be 
drawn out of the holes and placed as seen in Fig. 10, and the cutter removed and the auger or slush- 
pump attached to the rods, when they should be lowered once more to clear away the loose material. 
If this takes the form of stiff puddle the auger is the best for gathering it up, but if it is like thin 
slush, the slush-pump should be used, when the rods are not required, and the engine rope or 
derrick rope will do to work the slush-pump. 

44. Fig. 11 represents the exterior of a slush-pump, and Fig. 12 the interior. 

45. Fig. 13 shows the exterior of a closed auger for boring soft ground, and Fig. 14 is a 
sketch of the interior. 

46. Fig. 15 is an open auger for boring stiff clay or marl. 

47. Fig. 16 is a worm grapnel, used for seizing broken rods. 

48. Figs. 17, 18, and 19 are three different views of a box grapnel for grasping broken rods. 

49. ligs. 20 and 21 are .two views, that is an edge and side view, of a rimer for rounding 
the bore-hole. 

50. Figs. 21(a) and 22 represent arms for twisting and lifting the rods. 
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51. Figs. 23, 24, and 25 present three different views of a hook for lifting the bore-rods, 

while Fig. 26 shows a fork or key for fixing under the joints of the same whilst jointing and 

unjointing the same at the top of the bore-hole. It is also used as a key for screwing and 

unscrewing the rods. Fig. 27 represents a boring chisel. 

*H 

52. For rod boring, the well and shear or head-frame should be of sufficient length to allow 
for jointing and unjointing of the rods in lengths of 50 yards or upwards. If there is no trouble 
with water in the well, 50 yards would cost little or no more than the same length of bore-hole at 
300 yards deep. There is little or no loss in making a deep well, but very much to be gained in 
many ways, when it is practicable, in order to break the joints of the rods in long lengths. I am 
fully convinced that there is no system of boring which can surpass rod boring if only worked on 
the principle I have described, for depths of from 500 to 600 yards. 
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CHAPTER IY. 


Sinking. 

1. First ring.—2. Permanent fixtures.—3. Second ring, &c.—4. Extra rings, &c.—5. Shots kept from the sides. 6. Under 
walling, &c.—7. Shrinkage.—8. Scaffolding.—9. Jack-rolls.—10. Loose ground.—11. How to manage soft ground. 

12. Hangers, &c.—13. Piles, &c.—14. Surface balks.—15. Sand, &c.—16. How to sink through quicksand. 

17. A drum.—18. Piles, &c.—19. Old Pit.—20. Wooden drums, &c.—21. When sand is too deep.—22. Cast-iron 
drums, &c.—23 Pressure of sand.—24. A range of drums.—25. Tubbing off water.—26. Segments, &c. 27. 
Tubbing and wedging.—28. Astley deep pit.—29. Black shale.—30. Ground charged with gas.—31. Blasting, &c. 

32. Bore-holes, &c.—33. Shale or metal.—34. Side view of a rock tunnel.—35. Shale tunnel.—36. Quarrying 
large stones.—37. Drills, &c.—38. Shot-holes.—39. Best sort of hole.—40. Metal shot-holes.—41. Preparation of 
cartridges.—42. How to mark out the holes. 

1. In commencing sinking operations care should be taken that the first ring or kerb is so 
fixed that the bed shall be quite level, and the shaft as perfect a circle as it is possible to make. 
From this ring side lines three or four feet apart should be suspended round the shaft, and the wall¬ 
ing built to them. At this point hand board templates should be made to the circle of the pit to 
reach between the lines as in Fig. 1., so that 

the true character of the circle may be 
kept up. 

2. When the first length of wall¬ 
ing reaches the surface, a substantial 
stone ring should be laid on the top of 
it, upon which should be erected permanent fixtures to hold the bearer across the shaft for the 
purpose of suspending the centre plumb-line from it. The back of the walling should be well 
puddled all round to a good foundation, in order to keep the surface water out of the pit. 

3. When the second ring is laid, if in hard ground, it should be well levelled and tightly 
wedged all round the back of it, and fixed, first to the centre line, and next to the side lines as in the 

first case in order to wall to it. This method should be continued length after length to the end. 

0 

4. After the walling has been proceeded with and reached some considerable distance, it will 
require extra rings between the permanent rings, which ought to be put in as the walling comes up. 
The rings should be within four or five yards of each other and should be either of stone or iron. 
All permanent rings should have a good true and level bed, and he from four to six inches wider than 
the pit walling, and tightly and equally wedged all round the back with wedges of wood, so that 

they will carry the walling above when the ground is cut from under, for the purpose of allowing the 
under walling to be brought up. 

5. In sinking the first six feet under the permanent rings shots should be kept from the sides 
•of the shaft, and the sides cut with picks and wedges, faceable with the ring at the commencement 
and tapered out to give room for the walling at six feet deep. (See Figs. 9 and 11, x x x x.) 

6. When coming up with the next length of walling, the taper part lying under the ring is 

cut out in segments with picks and wedges to give sufficient room for the under walling to be 
set to the ring. 

7. While the work is setting a little shrinkage will be experienced, but as soon as the walls 
are properly set they should be wedged up with flags, stones or slates. 























































Scale ~tInch=Qne Foot. 
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.... 8 -.I h !, S ° f mg /°: pit Sh0Uld 1,6 made in two half circles, and jointed in the 

middle with three sets of s rong hinges. (See Fig. 2, ***.) There should also be eight side bars 

f lg n A’ d ” r“i "I ,* he bnCk W ° rk When wallin S' scaffolding may be suspended 

by D links from four large linked chains, hung from two bearers left in the bottom of the last length 

of brickwork above. By this plan the scaffolding may be raised at any time either by the engine 

rope or capstan rope, by removing the D links on the chain to any length thought desirable. 

On this p an, side bolts are not required, which is an advantage inasmuch as no holes are left in 
the wall. 


9. When sinking a new pit it is possible to go thirty or forty yards or more with jack-rolls. 
I have sunk 150 yards with a gin-wheel, but it is much better to put an engine up as soon as 
possible, sufficiently strong to carry on the sinking until the permanent engines are erected. In 
case pumps are afterwards required the sinking engine may be used as a capstan engine. 

10. At the commencement, it the surface is composed of loose ground, such as, for instance, 
quicksand, loam, or gravel, piles should be driven all round the excavations, and wooden rings 
fixed inside the piles to hold them in their places, as shown in fig. 3 ct ct ci a. 

11. By staiting wide enough at the beginning, and after working to the bottom of the 
piles, if the loose ground should still continue, a second set of piles should be driven inside the first 
set, and the woik continued as stated above. Should the ground still prove soft, the work may be 
continued several yards if there is sufficient room to avoid the evil consequences of running the 
pit too small. After proceeding in this manner as far as possible, and soft ground has still to be 
contended with, a ring of any kind of material thought desirable should be placed round the shaft, 
and the walling run up from this ring inside the piling to the surface, the whole space between the 
walling and the piling being well filled with puddle. 

12. When the walling reaches the surface a good substantial ring ought to be placed upon 
the top of it, and good foundations built outside the pit walling of bricks, stones, or timber, for 
carrying the balks of timber, from which to suspend the shaft walling with iron hangers while 
going through the sand. Should the surface foundation be soft, timber is better than stones or 
bricks for the above class of work. When the balks of timber are firmly secured, that portion 
of the shaft walling already done should be hung with round iron rods, of sufficient strength 
to carry the wall from the bottom ring to the surface balk, as is shown in Fig. 3 bbbb. 


13. The next point of importance is to commence with plate-iron piles, about 7 feet long, 12 
inches wide, and from a ^ to f of an inch thick, driving them in a slanting direction all round the 
shaft in order to gain width sufficient to put in another ring as in Fig. 3 c c c c. When the ring 
is securely fixed round the shaft it is time to commence the walling by gradually drawing one, two, 
three, or as many piles as the nature of the ground will permit, the brickwork being followed very 
closely up the same width until the ring above is reached. As soon as this width is secured and 
is close to the above ring, two slabs of timber should be nailed from one ring to the other to 
hold it in its place. Perhaps a better plan is to use 
bars of iron footed as in Fig. 4, constructed to fit over 
and under the rings. 

14. The other piles are drawn in a similar way, working in seveial places at the same time. 
When the length is completed all round the shaft and all hangeis fixed, anothei length may be 
commenced as before and repeated for several lengths, but not so fai as to oveistiain the hangers. 
Before the straining occurs several lengths should be hung by iron rods to the suiface balks, as 
in Fig. 3 d d d d, with a preparation at the foot of the first long rod, to which the lods of the 

lower lengths can be connected if required, as shown in Fig. 3 e e. 

15. Sometimes during the process of sinking sand may be come to, which is very difficult 



Fig*. 4. 
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to deal with. I have known cases where the sinkers have given the work up, thinking it 
impossible to overcome the obstacles they had to contend with. It may he of some advantage to 
those who may have to face similar obstacles to relate an experience I once had in this respect, 
and to state the means I employed in order to surmount the difficulties of the work. 

16. Some years ago a pit was to be sunk at Taunton, near Ashton-under-Lyne. The sinkers 
had not proceeded far with the work before they got the drum out of plumb, and finding it impossible 
to move it further, the men gave up the work in despair. I was sent for by the owner of the 
mine and persuaded to undertake the task of proceeding. I did so, and on examining the pit found 
that the sand had left the marl, which was very strong, and about eight yards thick to the surface. 
The cavity thus formed was so large that it was impossible to see the end of it, even though we 
placed a lighted candle at the end of a long pole. It was unsafe to go to the bottom until this place 
had been secured. The pit being in the midst of a coppice, where there was plenty of underwood, 
I cut as much as was needed, and drove a hole through the brickwork of the pit at the highest part of 
the cavity, and filled it with underwood and branches of trees. Several waggon loads of this material 
were jammed into the cavity before it was made close and tight. The next thing I did was to open 
out several holes in the shaft, and I filled them with the same sort of materials. This was repeated 
until it was impossible to jam any more in. For some time after I kept examining these places, and 
added, when necessary, fresh material to the old as it shrunk, in order to keep it perfectly tight. 
This being accomplished, the pit walling was repaired, and I proceeded to hang the whole of the pit 
walling with iron rods to the surface. Then I tried to move the crooked drum, but found it 
impracticable, whereupon I determined to clear the sand from the inside of it, taking the dimensions, 
to ascertain what size of a new drum I could get within the old one perpendicularly. I found 
that it would only admit of one five feet in diameter, and that had to be made in as little space as 
possible, as the greatest diameter which could be got perpendicularly was only six feet. On 
commencing the work I was informed that the thickness of the sand under the crooked drum was 
only five feet, so I constructed a drum seven feet long, made of 4^ inch bricks, wood, and cement, 
and wooden rings five feet in diameter inside, bolted together with long bolts right through the 
drum, as in Fig. 5, and as the estate was a very small one, and the mines very shallow, I thought 
the pit might be useful as an upcast pit. This drum was run down till the top of it came within 
a foot of the bottom of the crooked drum, but I did not find the bottom of the sand. The sand 
below was probed with iron bars, which were worked several yards before I got through the sand, 
and then it was discovered that immediately below was a bed of stiff marl. The next device was 
to begin quai teung undei the drum. Sometimes it was possible to get a brick and a ring m, while 
at other times I succeeded in getting one ring to another. Thus I persevered and succeeded in making 
my way through the sand, and came to the marl referred to already. It was determined at this 
juncture, before proceeding further with the sinking, to make the whole of the work good up to 
this point, and then commence boring. When the boring had been continued a short distance, 
about four yards, a bed of gravel was struck heavily charged with water, which rushed up with so 
much force as to drown us out, and as my employer thought it would not pay him to put up a 
pumping engine the project was abandoned. 

17. Another system of sinking through sand is as follows: Eun a small drum down the 
centre of the pit. Under some circumstances it can be managed as well with piles, the water being 
drained from the sides of the shaft by a water barrel with a click in the bottom of it. (See Fig. 6.) 

18. Piles can then be driven in a slanting direction into the sides of the pit, in order to 
get the proper width for the walling. These piles should be about 6 in. wide and in. thick. The 
sinker can then scoop out the sand until he can get a segment of the ring in, when he should wall 
up the width of the segment to the ring above. In order to secure it, it will be found very bene¬ 
ficial to nail two strong boards from the segment ring to the ring above. The work of walling 
should be proceeded with in segments until all the segments are united round the whole of the 
shaft. The distance to which it is advisable to go, of course, will vary with circumstances. Instead 
of boards sometimes the iion foot hanger may be used with great advantage. (See Fig. 4.) 
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Scale 4 Inch = One Foot. 
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19. I once cleared and widened an old pit that was filled up with puddle. It was 8ft. 
in diameter, and in quicksand. This was accomplished with wooden drums. The area was widened 
to 10ft, on the plan described in Fig. 6, to the extent of about 50 yards. 


20. At a certain gas works, situated in the neighbourhood of which I reside, it was decided 
some time ago to make a pit for gas holders 100ft. in diameter, hut, having to contend with quick¬ 
sand near the surface, the excavator, after trying for many weeks, failed to get through it with 
piling. At length the contractor sent for me and induced me to undertake the work. I had a 
wooden drum made of 2in. planks, and wooden rings 3in. by 4^in., and walled inside with dry 
bricks. I put a layer of straw and hay between all brick joints. The drum was about 9ft. long 
and 5ft. in diameter inside. All were secured with long bolts. This drum was reared on an end 
on tne top of the sand. A platform was next erected on the top of it with timber, and it was 
kept straight by guy ropes and piles as in Fig. 7. This drum was run down on to the marl 
below, a pump being placed inside the drum to clear the water which percolated through the dry 
bricks and straw joints. By this plan the sand was drained, and the pit was ultimately completed 
to the satisfaction of all concerned. 

21. It happens sometimes that the quicksand is too deep, and the pressure too great where 
there is a heavy thick layer of marl on the top of it, and consequently could not be managed by 
the method described above and illustrated in Fig. 7, or indeed by any of the preceding illustrations. 
In such cases it is better to use cast-iron drums made in segments, as in Fig. 8, a a a a. 

22. In running cast-iron drums the greatest difficulty the sinker has to contend with is to 
keep them plumb, for if they once get crooked or out of plumb they cannot be got straight again to 
the centre of the shaft by any means. I have known several pits completely lost through this 
mistake. This serious error can be guarded against and prevented by having a frame of strong 
balks of timber fixed at the surface, and iron hangers fastened in this framework to the casting in 
the shaft all round with good long screws, and with links by which the drums can be let down 
gradually and equally all round. Care must be taken to loose the screws equally when taking the 
sand from the bottom of the drums, or when running by force of their own weight. If this is 
attended to it is hardly possible for the drums to get out of plumb. 

23. When the pressure of the sand becomes very great there should be none of it taken out 
of the pit bottom so long as the drums can be forced down to sny extent, oi the piessuie without 
may force the sand at the bottom up and fill the shaft for several yaids. The piessuie of the sand 
sometimes will become so enormous that it will require all the jacks available to foice the diums 
down. If the drums are made a few inches wider at the cutting end than at the top end they will 
run much better and further than if they were the same width at both ends. 


24. After these drums have been driven as far as possible there is no alternative left but to go 
inside the first range of drums with the second, and this method of work should be peisevered with 
until the sinkers have passed through the sand. (See Fig. 8, b b b b.) The greatest importance is to be 
attached to the width of the pit at the beginning. Many pits have been so much reduced in size by 
this kind of work in sand as to be of no use except for ventilating purposes or pumping. The reader 
will see how essential it is to know the thickness of the sand to be passed through. This can he 
ascertained by boring before commencing the operations of sinking. 

25. When tubbing' off water at great depths it requires the greatest caution possible m 

| 
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dressed with pickaxes, especially round the back of the kerb foundation, where the wedging has 
to be done ; but before the permanent kerb-ring is put in, several feet should be sunk, and then 
the same preparation should be made as described above, to receive a good substantial stone ring. 
All round the back of these permanent stone and iron kerb-rings should be well and closely filled 
with ends of timber, level with the top side of the kerb, before applying the tightening wedges. (See 
Fig. 10, bbbb.) Fine-pointed wedges made of pitch-pine may then be driven. These wedges should 
be about 2in. wide, and long enough to reach to the bottom side of the kerb-rings. These wedges 
should also be driven into the deal ends as long as it is possible to drive one anywhere behind the 
ring. This wedging should not be driven too much in any one place at the same time, but done 
bit by bit, first in one place and then in another, so that the tightening up may be effected quite 
equally all round the shaft, and not spring it out of its true circle. All stone and iron kerb-rings, 
wedged as already described, make an excellent foundation upon which to build the segments. (See 
Fig. 9, a a a a a a.) 

26. The foundation being completed, the iron segments should next be built. All the joints 
of these iron segments, both vertical and horizontal, should be made of half-inch deal boards, with 
a “ saw-gate ” about an inch deep on the front edge. This is necessary in order to start the wedges 
with greater facility. After a ring of segments, if the tubbing has been jointed all round the 
shaft, the wedging should be commenced at the hack of them, to bring them to one another as 
tightly as possible. To prevent the segment from springing up while proceeding with wedging, 
which should be done as equally as possible all round, temporary sprags should be fixed to hold them 
down until the whole circle has been perfectly and truly wedged behind. Every kerb should be 
done in this way as the building is being continued. The holes shown in Fig. 9 (marked g), in the 
centre of the segments, are for the purpose of running off the water from behind the castings until 
the whole range of segments is fixed. In building the castings all the space behind should be well 
filled with rough and fine gravel, or crushed bricks, or ashes. No wedging should be done at the 
front of the segments until they are all in and finished, to the wedging ring at the top kerb. 

27. In fixing the top kerb-ring care should he taken to make it fast to the strata, which 
can be done by proceeding on the same plan as in fixing the bottom kerb-ring. (See Fig. 9 a a a a.) 
After the top kerb is made good, and the adjoining rings above it, you may then proceed with 
wedging all the front segments with fine-pointed pitch-pine wedges, beginning at the bottom of the 
tubbing and wedging upwards until the top of the castings is reached, when it is necessary to 
descend to the bottom again, working upwards as before, driving the wedges in as long as it is 
possible. A flat iron chisel should be used to give these fine-pointed wedges a start. When the 
wedging is completed it is necessary to begin at the bottom of the tubbing, plugging all the holes 
up with pitch-pine plugs. On reaching the top of the casing, if much gas is discovered oozing out 
of the top holes, they should be left open a short time in order to allow the gas an opportunity 
of clearing itself. 

28. In the Astley Deep Pit, Dukinfield, Cheshire, there are 42 yards of cast-iron tubbing 
put in on the principle I have described above, and as illustrated in Fig. 9. It is 202 yards down 
to the top of the castings, and 244 yards to the bottom of the tubbing. After the pressure was 
put on it burst one segment, but another was put in which stood well. After the wedging had 
been completed a great mist was observed in the front of the castings, and it was discovered that 
this mist was composed of a large number of very fine streams of water. This continued for some 
time, but eventually ceased. While sinking through this wet rock it was noticed that a well on 
the ground, about 20 yards higher than the pit top, had been drained. This was the result of 
these operations, for it was afterwards found, when the tubbing had been finished, that the water 
returned to the well. The owners of the pit desired to get a mine not far from the bottom of 
the tubbing, but thought it would be dangerous to work, consequently they had the tubbing 
tapped and the water conveyed to the pumps at another pit close by. 

29. When sinking m bad giound, such as grey or black shale, the walling should not be 
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pioceeded with, very far before it is firmly secured, as it will be constantly bursting where the ground 
gives off' gas. The best plan for this purpose is to use wooden rings from 4in. to 6in. square, 
fixed from 3ft. to 4ft. apart, and planked with 2in. to 3in. planks behind, to form short segments. 
The joints of the rings should be put together with dowel pegs or iron plates. Such segments as 
these will be found exceedingly handy. The first length of segments should be hung with iron 
bars to the rings above, but if there should be strong ground for some distance under the ring, 
before coming to the bad ground, plug-holes may be bored in the strong ground and the segments 
may be suspended from them. (See Fig. 11, b bbb.) If more lengths of segments are required 
they can be connected with bolts as in Fig. 11 c c c c. Timbering on this plan is easy to put 
in and take out, and in addition makes the pit very safe while the sinking is carried on. 

30. While the walling is being put in, the bottom segment can always be taken off as the 
walling comes up. I have known sinkers to go through ground so charged with gas that it would 
have been impossible to have got through more than two or three yards without Availing, had 
they not adopted this plan, as the gas was constantly bursting portions of the pit sides. 


31. During the process of sinking it is sometimes necessary to resort to blasting, in order to 
detach and remove the rock which the pit has to pass through. I will therefore give some hints 
as to the best methods of shot-firing, which I doubt not will be of some value, not only to sinkers of 
coal pits but to those engaged in the general occupation of quarrying. 

32. In the sinking or tunnelling of shafts, or in quarrying hard rock, the best form of bore¬ 
holes are those made in the form of a triangle. To make this portion of the subject as intelligible 
as possible, and to present it in the most practicable form, I ha\ T e added several sketches. Fig. 12 
shows the plan and section of a shaft in rock, with the centre blown out but the side holes left in, 
so as to illustrate the most advantageous position in which to place the angles of the triangular 
holes. When blasting the sides of a shaft, whatever length the sides may be—whether two, three, or 
four feet, or even more—the greatest portion should be on one side the shot-hole, with one corner of the 
hole pointing m the direction it is desired to cut the sides of the shaft. If attention is paid to the 
direction of the corners the shots will be far more effective and the results much more desirable. 
There will be less pick-work to be done, and the sides of the shaft will also be much firmer, and 
fewer holes will be blown into the sides of the shaft, but if the flat side of the hole should be 
towards the centre of the pit the shot will leave a portion of the rock on each side of the hole, which 
will necessitate extra labour with the pick, and generally it will require a pop-hole on each side to 
clear the ground, which should have been accomplished by the first hole had it been set out pio- 
perly. Further, if the flat side of the hole is placed towards the side of the pit the result will be 
that two corners of the hole will rip open the sides of the pit and do great damage by leaving large 
cavities in the sides. All this can be avoided by setting out the holes as shown m Fig. 12. 


33. Fig. 13 shows a plan and section of a shaft in strong shale or metal. If the corners of 
the shot-holes are properly fixed in this sort of ground, very few holes will be required. There is a 
certain class of ground which rips out at an acute angle or less than a right angle, while there is 
another class of ground which will invariably rip out at an obtuse angle. It is very important, 
therefore to study the different classes of ground through which the sinker has to pass m order to 
set out the shot-holes in the most suitable manner do meet the requirements of the case. A perfect 
knowledge of the nature of the ground to be worked will facilitate the operations for t re sm er 
will then be better able to discern how to set the shot-holes to be the most effectual for Jus purpose. 


34 Fig 14 shows the front and side view of a rock tunnel. It should be remembered that 
rock generally rips in a direct line with the corners of the holes, as represented by the lines a a a a 
in Fig 14 If there are no floors or joints to blow or to work to, the best plan is to bore a hole 
under at the bottom of the tunnel, 2|in. to 3in. in diameter, and 3ft. to 4ft. deep, with a flat top, 
as in Fig 14 o. This hole should be heavily charged with gunpowder or any other explosive 
material If the corners are kept regular the whole length of the hole, the rip will spread across the 
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tunnel, and cut a good floor, sometimes twice the length of the hole. When boring the holes they 
should be made in a slanting direction, so that they will blow out the ground to the flooi referred 
to above (Fig. 14, b b b b). All holes above the floor should have the flat side downwards. The left- 
hand corner of the left-hand hole should be the lowest a little, and the right-hand corner of the right- 
hand hole should also he a little lower on that side, while the corner of the middle holes with 
flat sides should have the two bottom corners in height as equal as possible, as shown in Fig. 14 d. 

35. Fig. 15 represents the front and side views of a shale or metal tunnel. The holes above 
and below are bored as in rock shown in Fig. 14, and the corners are placed exactly in similar 
positions, hut in shale there are not so many holes required as in rock. 

36. In quarrying large stones for engine beds and other purposes requiring stones of great 
dimensions, there are large numbers spoiled because those engaged in the work do not understand 
the principle of making and setting out the three-cornered hole. To those who are interested in 
the matter a thorough study of this subject will be found of great advantage, and they will find 
that they will be amply repaid for any time or expense they may he put to in making experiments 
in this direction. 

37. This brings me to the different kinds of drills, and the uses they may be put to. In the 
first place it is necessary to state that there are diamond or rose hit drills, that will bore holes almost 
round, but it should be remembered that round holes are not the best for blasting purposes in strong 
ground. Fig. 16 represents one of the most endurable as well as the most effectual drills I am 
acquainted with for the purpose for which it is used. I may also add that it is possible to bore a 
hole almost round with it. Fig. 17 shows the best kind of drill I know of for the purpose of 
boring rock. I have found this drill a very good one, and it may be very easily adapted to either 
soft or hard ground. 

38. Figs. 18, 19, 20 and 21 show the sort of holes which may be bored with a drill like the 
one sketched in Fig. 17. It is almost impossible to bore any other kind of hole in hard ground 
with this sort of drill without a great amount of labour, and even then it will be impossible to bore 
a perfectly round hole. It is true that it is possible to deviate from a perfectly triangular hole, but it 
would require some little effort, and it should always be remembered that the more the hole deviates 
from the form of a pure triangle it is not so effective. 

39. To deal with the respective forms of these shot-holes I have found that Fig. 21 is the 
form the hole would assume in strong shale or metal, while the form represented in Fig. 20 is usual 
in hard rock, but where the rock is very hard—such, for instance, as flinty rock or stone—it often 
makes a hole like Fig. 19. It may seem strange that the holes should take these varied forms, when 
bored by the same drill, which is constantly turned round during the operations, nevertheless it is a 
fact. I have had a long experience in boring this class of hole, and at first I was puzzled with the 
various results. I tried to account for them in many ways, but could not conceive the real cause 
until I discovered that one edge of the drill would puncture the corners of the holes while the other 
edge moved along one side of the triangle. At length I perceived that it was much easier for one 
edge of the drill to puncture the corner of the hole than for the other edge of the drill to cut a 
circle. The edge of the drill which travelled one side—that is to say, the first side—of the triangle, 
set into the next corner, while the edge of the drill which punctured the first corner set off and 
travelled the second side of the triangle, and so each edge travelled round in turn. In very hard or 
flinty rock the edge of the drill punctures deeper into the corners, which gives an inside circular 
form to the sides of the hole, as shown in Fig. 19. Such a series of small indents, caused by the 
puncturing of the edge of the drill, are in no way detrimental to the blasting, if they are only kept 
in a straight line, and not permitted to assume a spiral or screw form. 

40. In shale or metal the shot-holes made by this drill take the form shown in Fig. 21. In 
this sort of ground the edge of the drill does not puncture the corners of the hole, as one edge remains 
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m one corner, while the other edge of the drill travels one-third of the hole and forms a segment of 
a circle, as in Fig. 21. This is another peculiarity about this drill. I have made inquiries con¬ 
cerning this effect fiom many miners and sinkers, but can get no intelligent reason from them as to 
the real cause of it 

41. When commencing a shot-hole, it should he well marked with a pick or a drill, in a 
three-cornered shape, the corners pointing exactly in the direction in which the rent is required to 
take effect. The best way to mark out the hole is with a drill held firmly against the rock while a 
man strikes the drill with a hammer. The hole should be stamped the shape thought most desirable, 
and when this is done the drill should be held in position while it is struck with a hammer, turning 
the drill round and shifting it a little as the blows are repeated. In turning the drill round, care 
should be taken to reverse it first to the right and then to the left. The drill should never be 
turned the same way many times in succession. The hole should be examined every time it is 
cleaned out, and if it is found that the corners are too much to the right, the drill should also be 
turned to the right; if they are too much to the left, the drill should also he turned to the left, and 
the corners will eventually come straight again. If the drill is turned all one way, the corners will 
keep moving in the contrary direction and form a screw, and the cuts from this kind of hole will be 
zigzag, and will not he the most effective. If the corners of the holes are fixed in a proper direction, 
and kept so, the work can be accomplished with fewer shot-holes, which will be a great saving both 
in time and expense. 





CHAPTEE Y. 


Pumping. 

1. Sinking under pumps.—2. How to stop water.—3. Sometimes “ bulling 55 fails.—4. How to prepare cartridge bags.—5. 

They should be immersed in tar.—6. Bore-hole, &c.—7. Wooden plugs.—8. Slide wind bore.—9. How to run the 
whole lift.—10. Bods lengthened.—11. Firing shots under pump-foot, &c.—12. Timber sprags.—13. How to set the 
holes for blasting.—14. Lowering the pumps in soft ground.—15. Conductors, &c.—16. Cornish pumping engine, &c. 
17. The ram pump. 

1. One of the greatest difficulties sinkers have to contend with when sinking under pumps 
is to get the foot of the pump down low enough to clear away the water, so that the work may be 
continued and the shots fired in the holes. The shots, therefore, have many times to be fired under 
the water. I have known scores of shots fired when the shaft bottom has been covered with water, 
from one to two feet deep, and when it has been necessary to grope in the water to clear the rubbish 
in order to find the best place to bore the shot-hole. 

2. It is usual under such circumstances to get a quantity of stiff clay and tread it well on the 
bottom of the shaft where it is intended to bore the hole. A wrought-iron hoop, about lijrft. to 2ft. 
diameter and l^ft. to 2ft. deep, should next be fixed and forced into the clay. The water and clay 
can then be removed with ease from the inside of the hoop. Having done this you can proceed with 
the boring. Some times you may succeed in boring a hole and charging it perfectly dry, at other 
times you may come to joints in the rock, and find that water will immediately spring again up 
the shaft for several yards. In such circumstances it is a good plan to fill the hole with tough clay, 
into which you may drive a bar of iron nearly the same diameter as the hole. This bar is known 
to sinkers as the “bull.” It forces the clay into the joints of the rock, which will sometimes stop 

the flow of water and leave the hole perfectly dry when you can charge and fire it. 

* ' 

3. This is a device often resorted to in such cases, but I have known it to prove ineffectual. 
Sometimes after repeating this method of “bulling” up the crevices water has still continued to 
flow until the work has been given up as a forlorn hope. It may be well, therefore, to show 
how the ground can be blasted under such circumstances. 


4. A cartridge bag should be prepared of strong calico, to fit the hole exactly in which it is 

intended to place it. The bag should be filled with powder sufficient for the blast. A fuse 

* 

should next be inserted of sufficient length to reach above the water when the bag has been placed 
in position. This will allow the fuse communicating with the cartridge to be fired with facility. 


5. When the cartridge bag has been filled with powder and the fuse inserted, and the bag 
well tied up at the neck and well secured, it should be placed into boiling tar, and before the tar is 
quite cold it should be well greased over with tallow. It is then ready for use. Cartridges pre¬ 
pared in this manner will stand any amount of moisture, and they can be totally immersed in the 
water in the hole without being impaired in the slightest degree. 

6. The bore-hole should next be “tamped” with burnt clay, shale, or any other material. I 
have seen many cases where the force of the water has been so great that it has shot up the shaft 
several yards, and when this has occurred, I have found some difficulty in inserting the cartridge so 
as to get it into a proper position in the hole. I am conscious that there are other explosive 
materials now in use for this purpose, but there are cases in which it is still thought better to resort 




— 




— 


-. 

_ 
























































































































































































i ■ • 

i 

, 



































COAL MINING MADE EASY, SAFE AND HEALTHY. 


2 7 


to the old method, and it is to meet the difficulties of such cases that I have called the attention of 
the reader to the above plan of blasting. 

7. Again, it may be of advantage, in such cases, to remember, when the force of water is so 
great, that wooden plugs may he used when charging. I have known these to succeed where almost 
everything else has failed. For instance, I have tried at different times to overcome the force of 
watei and fix the shot by tying hard knots of rope, but found it took two men to hold them in the 
hole, with a lam on the top, while a third man was required to strike it with a sledge hammer, but 
no soonei was the ram taken out of the hole than the knots of rope would fly out also, just as if 
they had been shot up the shaft from the barrel of a gun. Finding this method, therefore, im¬ 
practicable I hit upon the following device. I got some plugs made of deal, and in the sides of 
these plugs I made some grooves or slits to allow the water to pass them when driven tightly into 
the hole. The water rushed up these grooves with so much force that it shot up the shaft several 
yards. The shots, however, worked well, and I adopted wooden plugs ever after for this purpose, 
and found them on all occasions to work exceedingly well. 

8. Some people when sinking under pumps will use the slide wind bore. (See Fig. 1.) By 
this plan the sinker can proceed to the extent of nine feet, the length of a pump pipe, without 
disturbing the pump above, but this plan is not the best that can be adopted. I have known many 
breakages, and much unnecessary delay, in consequence of insisting on it being carried into effect. 
It is almost impossible to keep the slide wind bore stuffing box air tight, long together, which 
militates most seriously against the proper action of the pumps. Again, it is not an uncommon 
thing for the slide wind bores to be smashed off by shots. Further, some persons use a powerful 
capstan, and an apparatus to lift the pumps off the bottom while firing the shots, hut there are pits 
where this plan will not answer at all. I was once engaged in sinking a shaft where they had two 
sets of pumps on the shaft bottom, one 13i|in. and the other 9|in. in diameter. When it 
was necessary to change the bottom click, the water would rise half-way up the click door in about 
twenty minutes, and necessitate sinking up to the armpits in water, in order to screw the click door 
holts up again. 

9. After many experiments, I am convinced that the safest, best, and cheapest plan is to 
run the whole lift without either slide wind bore or capstan apparatus. This can be done by making 
the pump working barrel nine or ten feet longer than the stroke of the engine. Then the pump 
can be lowered the length of a pump pipe, nine feet, without interfering with or loosing the pump 
rods or shifting the bucket or pump collars. 

10. When the lift has been run nine feet the pump rod glands should be loosed and the rods 
lengthened, and the bucket lowered to the bottom of the working barrel. The delivery pipe should 
be taken off with canvas bag, and a nine feet pump tree should be placed thereon. After this has 
been secured the delivery pipe should be replaced with canvas bag. Then it is necessaiy to gland up 
the rods again, and the work may be proceeded with another length. By providing plenty of 
screw collars on the working barrel and other parts of the pump, they can always be kept both film 
and straight. 

11. When firing shots under the pump foot the collars should be firmly screwed up to hold 
the pumps in their proper places, until the debris has been cleared from under the foot of the pump. 
The collar bolts can then be loosed a little. Watch carefully, to see if the pumps have any ten¬ 
dency to slide from the perpendicular. If they have, tighten up the collai bolts again, and pioceed at 
once to clear the broken ground from beneath the foot of the pump, as sometimes a loose stone will 
throw the pump on one side. 

12. When firing shots under or about the pumps there should always be plenty of timber 
and sprags round them, to prevent the shots from injuring them or blowing them out of plumb. 
(See Plan II. Figs. 1 and 2, sprags marked o.) 


Scale One Inch = Six Feet. 
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Sketches of Pumping Apparatus. 
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13. When firing shot-holes to lower the pump foot, the first shots should he on the deep side, 
and if there is sufficient room between the pit sides and the pumps to allow a little to be left towards 
the pumps or centre of the pit it is all the better, hut if the pumps are near the pit side it is better to 
have one or two shot-holes close to the pit side, bored perpendicularly, for the purpose of making 
rips only. It is necessary also to bore a hole on the rise, or near the middle of the pit, pointing in 
the direction of the pumps, to meet the rips of the first shots. (See Plan II. Fig. 2 k.) The last 
shot generally clears the ground well from under the pump foot to the rips, and allows the pump to 
slide perpendicularly. I have known cases where little or no attention has been paid to this 
matter, and the consequence has been that, when the first holes about the foot of the pump have 
been fired with a full charge, no rips have ensued, but the pumps, notwithstanding, have been 
blown down. Too much attention cannot be given to the spragging of the pumps, which should 
also be very well hung round with timber or old flat hemp or wire ropes. This will prevent the 
pumps from being injured by side shots. This point is of special importance in hard ground, but I 
have known the pumps broken down even in soft ground by permitting the “ snort ” pipe to get 
choked up with shale, coal, or other soft material. 

14. During the work of lowering the pumps in soft ground there should always be one or 
two persons about the pump foot to prevent the loose dirt choking the suction pipe. 

15. In sinking, conducting rods may be either dispensed with or not, by having guide boards 
from one horse-tree to another. If conductors are used it will be requisite to have stoppers 
fastened on them a few yards from the bottom of the pit to stop the slide carrier. (See Fig. 2.) 
The rope will then slide through the carrier at b, and allow the hopper or bucket to go to the 
bottom of the shaft. The conductors may be lengthened as required. (See Fig. 2 a a.) 
Nevertheless, I have known shafts sunk to the distance of 700 yards or more without conductors 
with a clear pit. 

16. For upwards of fifty years I have been constantly engaged with all kinds of pumping 
engines and apparatus, both on the surface and underground. I have had considerable experience 
in the working of the Cornish beam pumping engines, both with the ram and bucket, and have 
always found them to do their work well, but I prefer the direct-acting engine for pumping. 
(Plan II. B.) The cost of erecting them is considerably less than that of the Cornish beam or side- 
lever engines, as also the cost of working and repairing them is less. The advantage of this kind 
of engine consists in being able to get a long stroke which is a very important consideration. The 
space taken up by the engine can be provided for by an opening in the side of the pit. 

17. With regard to pumps I am of opinion that there is nothing to surpass the ram pump for 
mining purposes. Whatever way you may fix the ram pump, or whatever kind of engine you may 
attach it to, whenever the ram moves it displaces its own bulk of water if the glands and packing 
are all in good condition. With buckets and every other kind of pump there is generally a great 
loss. A bucket cannot be kept as close as the packing of a ram, and it is easy to discover when the 
packing of a ram is slack, but you have not the same means of discerning the bucket. I have worked 
the ram pumps in all positions, both in shafts and underground, with wooden and iron rods, and with 
a wire rope ; also without either rods or rope. I have worked them in inclines with wire ropes from 
the surface engines, the bottom end of the rope being connected to an iron rod, which worked 
through a stuffing box. The iron rod was connected to the inverted ram, the rope pulling the ram 
uphill, while an iron balance—run on four wheels, and fixed either at the top or bottom end of the 
ram—pulled the ram and rope back. I found the plan to work most admirably. I may also add 
that there was a horizontal engine fixed on balks of timber, made of pitch-pine, at the bottom of the 
shaft, 300 yards deep. The engine cylinder was 21 in. in diameter, with a stroke of 4ft. 
There were also rams 6in. in diameter fixed at each end of the cylinder, which forced the water 
right to the surface. This pump was a great success : we could run it in the teens of strokes 
per minute. 




CHAPTER VI. 


Surveying. 


1. Evils of careless surveying.—2. Miner’s dial.—3. Inattention to details.—4. Subsequent difficulties.—5. Explanation of 

procedure.—6. How to apply north end of instrument.—7. Measurements.—8. Magnetic needle.—9. Back sights. 

10. Measurements, &c.—11. Plotting bearings.—12. A practical device.—13. Accuracy of the method.-—14. Its 

advantages.—15. Another test.—16. Another advantage.—17. The method of surveying.—18. Another instance. 

19. How it was accomplished.—20. Points to be remembered.—21. Devices to facilitate operations.—22. Plotting. 

23. Bearings transferred.—24, Parallel ruler.—25. Dead needle, &c.—26. Workings.—27. Best dial for this purpose. 

1. The evils which arise from carelessness or inexperience in surveying are innumerable. In 
no department of mining ought greater attention be given than in surveying, whether on the surface 
or underground. 

2. It is generally admitted that the miner’s dial is very liable to err. The needle is so 
sensitive that it is not only affected by. the surroundings but even by the nearness of the operator 
himself. At the time of making a survey, therefore, the whole of the surroundings should first be 
observed, since a slight oversight in this respect may prejudice the result to a considerable extent, 
as the needle may be so affected by the nearness of some metallic substance as to cause it to deviate 
from the magnetic parallel plane. Incorrect and misleading data may thus be obtained, which may 
terminate in very mischievous consequences. 

3. Again, an inaccuracy in reading or in the manipulation of so sensitive an instrument may 
form the basis for operations which may issue in a series of the most irritating circumstances. 
Exactness and attention to details are essential to the future comfort and success of the work both 
for employer and employed. 

4. An error in surveying has often led to the most annoying litigation, and involved the 
proprietor in unnecessary expense. Some of the greatest blunders in mining operations can be traced 
indirectly to this cause. Such mistakes have been known to be the cause of accidents long after 
the person who, in the first instance, was responsible for them has left the mine. I have theiefoie 
given some illustrations of practical surveying, showing at the same time some of the difficulties I 
have had to contend with, and how I overcame them. 


Subterraneous Surveying by Dead Needle or Circumferentor. 

5. Fig. 1 shows the method of procedure, commencing at the shaft marked S and proceeding 
northwards From these notes, when compared with this Fig., it will be seen that the line 1 to 2 
is first measured as a base line for the angles that follow. This line is either taken from a magnetic 
bearing' or from two plumb-lines suspended from the surface. By arranging three sets of tripods, 
with a preparation on the top of each set for holding a light, or a preparation in the centre of each 
set, for the purpose of suspending the plumb-lines from, on which to hang the hgh s you can place 
one set of tripods, with a light on the top or suspended from a plumb-line, at the first station I The 
instrument should then be placed on the second set of legs or tripods at station 2 and directed wi i 
the south end towards the centre of the shaft S or station 1. The two seres on the horizontal plates 
heintr clamped together, the sights are directed to the first station, and the whole of the instrument 
clamped The upper plate is nest undamped, and the sights turned toward the third station 3, and 
ihe angle from 2 to 3 will be found to be 10", showing 10" to the right. The line from 3 to 4 equals 
3514- or Si" to the left; 4 to 5 is 338", or 22" to the left; 5 to 6 is 23J , or 23| to the right; 6 
to 7 is 340" or 20" to the left; and the line 7 to 8 is 16^, or 16J to the right. (See Table I.) 
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6. The north end of the instrument should always lead in whatever direction it is thought 
desirable to go. The south end of the instrument should always be towards the observer when he is 
taking front sights, and the north end of the instrument should be towards the observer when taking 
back sights. By keeping the north end of the instrument always leading, you are less liable to err, 
as the reading of the degrees is so much easier than in any other method of procedure. For further 
elucidation of this subject I must refer the reader to the subjoined tables, which I hope will be found 
generally useful. 

7. Table I. shows the measurements from the centre of pit S or station 1. These measure¬ 
ments are all in yards, and parts of yards, both in the levels, thrills, and brows. x Represents the 
station in the following tables. 

• . .* •. ... \ 

S UBTERRANEOUS SURVEYING WITH MAGNETIC NEEDLE. 

8. Fig. 1 shows also the method of procedure when surveying with the magnetic needle, com¬ 
mencing at the centre of shaft S and going northward. By providing three sets of tripods, with 
preparations as in the preceding case, with lights, you are in a position to commence operations. 
The first set should be placed at the centre of shaft S. The instrument should be placed on the 
second set of tripods at station 2, and directed with the south end towards the centre of the shaft 
S, or 1. Apply the eye to the north end of the instrument, and turn it till the light at the shaft S 
is cut by the perpendicular hair in the south end of the instrument. Observe the bearing from 1 to 
2, which will be found to be N. 2° W., the distance being 45 yards. Next apply the eye to the 
south end of the instrument, and turn it again till the light fixed on the third set of tripods at 
station 3 is cut by the perpendicular hair at the north end of the instrument. Observe the bearing 
from 2 to 3, which will be found to be N. 8^° E., the distance being 25 yards. The instrument 
should next be removed and placed at station 4, while the first set of tripods, with the lights, are 
removed from 1 to 5. Level and adjust the instrument again, and apply the eye once more to the 
north end, and turn the instrument till the perpendicular hair cuts the light at station 3. Observe 
the bearing from 3 to 4, which will be found to be N. W., the distance being 40^ yards. Apply 
the eye again to the instrument, and turn it till the perpendicular hair of the north end cuts the 
light at the fifth station. The bearing from 4 to 5 will be found to be N. 21^° W., the distance 
being 21 yards. Remove the instrument as before to Station 6, and the back legs to 7. Level and 
adjust the instrument, and apply the eye to the north end of it, and turn it till the perpen¬ 
dicular hair of the south end cuts the light at 5. The bearing from 5 to 6 will be found to be N. 2° 
E., the distance being 138 yards. On applying the eye to the south end of the instrument, which 
is turned till the perpendicular hair of the north end cuts the light at 7, it will be found that the 
bearing from 6 to 7 is N. 17f° W., and the distance 35 yards. The instrument is then removed to 
the far end of the level, and a back sight taken to 7, and on doing so the bearing will be found to be 
N. 1 j,° W., and the length 56 yards. 

9. By this system of back sights only one-half the fixing is required, which is advantageous, 
inasmuch as the work is done more expeditiously and with less trouble. By having a flat-bottomed 
cup with two small spirit levels at right angles inside it, to fix on the top of each set of tripods, they 
can be fixed ready for removing the instrument from one set to another. By levelling the legs in 
this way the instrument can always he placed in the centre of the position from which the lights are 
removed. This method will be found much more accurate than having a plumb-line attached to the 
instrument ovei the light on the floor, or from a plumb-line suspended from the roof over the instru¬ 
ment. Subjoined is a table showing the hearings and measurements in each case. 

10. lable II. shows the method of surveying with the magnetic instrument, commencing at 

shaftS x 1. The measurements are all in yards or parts of yards. 

11. When plotting bearings it is beneficial to pitch a blacklead line near to the position on 
which the plotting will fall, and parallel to the magnetic meridian. You should then mark off a 

dozen or more points with one fixing of the protractor, and then convey the hearings to their proper 
places with the parallel ruler. (See also Section 22.) 


SKETCH OF UNDER GROUND WORKINGS. 
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12. Some years ago I had to survey some mines in Cheshire, the principal seams of which 
were 6ft. and 4ft. thick respectively. After working these mines near the outcrop, with a great 
number of shallow pits, I commenced getting them in ranks of about one hundred yards wide, and 
across the estate, by sinking pits at different points sufficient to gain the width of the above- 
mentioned ranks, and by driving first to the rise and next to the deep. The mines, having an angle 
of inclination of from 30 to 40 degrees, only required short tunnels as the consequence. After work¬ 
ing a few ranks and proceeding some distance in this way the mines became much flatter, and as the 
result the tunnels became much longer. The company decided to get the deep coal after the next 
range of tunnels by deep inclines and underground engines. The next deep rank of coal necessitated 
the sinking of pumping and winding pits 7 0 yards deeper, and the tunnels from the bottom required 
driving 189 yards. At the time referred to there was an excellent demand for the coal, and to meet 
this demand the winding was continued day and night, and consequently the ranks were nearly run 
out. There was no possibility of sinking the winding pit without stopping a portion of the traffic. 
Consequently, I suggested that the engine pit should be sunk and the tunnels driven from the 
bottom of the pit to the rise just under the point to which the winding pit would come, and that 
the tunnels should be continued to the deep in order to catch the mines, and to open up the work¬ 
ings while the winding pit was being sunk in the night time. This was sanctioned, and the 
pumping pit was proceeded with first, and the pumps fixed right down to the bottom of the pit. 
Two plumb-lines were next suspended from the head-frame at the surface to the bottom of the pit, 
330 yards deep. A tunnel was then driven a few yards on the side l’ise, and then I proceeded to set 
out the main tunnels to catch the winding pit, and the deep tunnels to catch the mines. To accom¬ 
plish this I made a strong wooden frame, well squared and put together as is shown in Fig. II. The 
arm a a of the template a a, b b, was fixed parallel to the wooden frame c c. This frame was first 
fixed at the surface to two plumb-lines suspended from the pit head-frame, represented at d d by 
two small circles. The arm a a of the template was fixed parallel and close to the frame c c. 
The arm b b was fixed to point in the direction of the shaft 100 yards from this point. This frame 
was well put together at the surface with brackets and screws, so that it could be taken to pieces and 
put together again, whenever I desired, without any fear of error. The instrument was then removed 
from the surface to the pit bottom and fixed on two permanent bearers e e. The frame c c was first 
fixed loosely on to the two bearers e e, and close to the two lines d d. A bucket of water was placed 
under each plumb-hob //, to help to steady them. The frames c c had nail-holes ready bored 
through them, and the nails were partly driven in. The loose frames c c were next moved slowly 
to and from the plumb-lines to assist in steadying them. As soon as the lines were quite steady 
and plumb the nails already fixed were tapped gently, and the frames c c firmly fastened to the bearers 
0 0 The plumb-lines were truly clamped, and I proceeded to fix the arm ci a of the template to the 
parallel frame c c, and the other arm of the template b b pointing in the direction the tunnels were 
required to he driven, i.6., one end pointing to the winding pit and the othei in the diiection of the 
mines. Dial sights may be set at each end of the arm b b to give the direction of the tunnels, oi 
you may string a line along the centre of the arm b b as at g and hang plumb-lines from the loof 
of the tunnels to this horizontal line. I may add that plumb-lines permanently suspended in this 
way will be found useful afterwards to work from when surveying the interior of the workings. 

13. The rise tunnel was brought up right under the winding pit, and the sump-hole was made. 
The shunts were next proceeded with, and all about the shaft bottom was aiched and in woiking 
order before the sinkers in the shaft had reached the bottom. Only just sufficient room was left 
for the shaft to come through the archway. As soon as the shaft was brought through to the tunnel 
the pit plumb-line was suspended and let down to prove the accuracy of the experiment and the 
efficiency of the work, and it was found to be quite correct when compared with the tunnel lines. 

14. As there was only a portion of the night shift engaged in sinking, the work was 
proceeded with very slowly, and, consequently, before the sinkers in the pit had reached the bottom, 
the deep tunnels to the mines and the levels were driven through to another pit 1,000 yards away 
to the south of the above-named pits; also two sets of jig-brows were prepared and put in working 

order. 


E 


32 


COAL MINING MADE EASY, SAFE AND HEALTHY. 


15. While we were working south from the above-named pits, an engine brow was driven 
220 yards from the pit in the south, and levels were also commenced to meet the pits in the north. 
Fig. 2. These levels met about midway between the two pits and proved to be true water levels, 
and were used as the main water levels as long as the rank of coal lasted. The meeting of these 
two levels was so exact that it would have been impossible to tell where the meeting place really 
was had it not been for the pick marks or shot-holes. 

16. The advantage of this procedure will be seen when I state that no sooner was the winding 
pit in the north completed than the whole of the workings were also ready, and the mine was 
by that means immediately set in full working order. The roadway of 1,000 yards was so 
constructed that coal could be taken either way, to the north or south end pits. 

17. All the surveying on the north side was done with the dead needle, and on the south 

end side also, with the exception of one bearing, which was done with the magnetic needle. 

* 

18. In order to illustrate this subject more fully, I may relate another incident which has 
come under my notice. I remember, when sinking a pit at Dukinfield, that the sinkers at No. 2 
pit were met 75 yards up from the bottom of No. 1 pit by a dumb-drift. When this dumb-drift 
was high enough it was ascertained that the sinkers had only 10 yards to sink in order to meet it. 
A hole was therefore bored into the end of the dumb-drift, when the meeting was found to be 
quite correct. 

. - ' i* ■ ■■ 

19. It may be of interest to state how this was effected. When preparing to set out the 
dumb-drift referred to, it was necessary, before taking the survey, to go upwards of 100 yards on the 
south side of No. 1 pit to get clear of the pumps, water pipes, table plates, and shunts. The rails 
were then taken up and cleared away several yards in the roadway. A careful magnetic bearing 
was taken, and I proceeded to work back from this bearing with the dead needle to a short distance 
on the north side of No. 1 pit. A brow was then driven up about eighty yards in the direction of 
the rise of the mine, and a level driven about twelve yards northwards. At this point the dumb- 
drift was set out at a steep angle, and after driving eighty yards through the strata the sinkers, 
who were working downwards, were met by us, as I have already stated, seventy-five yards up 
the perpendicular from the bottom of No. 1 shaft. 

20. I have already referred to the danger of registering wrong data in consequence of the 
needle being affected by metallic substances in the vicinity in which the instrument is placed, and 
as there are points to be watched during the course of surveying operations, I have noted several 
things which will be of considerable advantage if attended to by the young surveyor. 

21. Where there are shunts, table-plates, or any kind of metal or machinery to pass, during 
the operation of surveying, which may attract the needle, angles should be taken with the vernier 
plate or dead needle in order to pass such places. It is very important also to have the measuring 
chain always well adjusted throughout the whole length, and not one yard too long and another too 
short, as is sometimes the case, but every yard its proper length and in its proper place. Especially 
is this necessary when offsets have to be taken. A survey ought never to be made, either 
above or below ground, before adjusting the chain and instrument. For the proper adjustment 
of the chain a wooden rod four to five inches square and over 22 yards long, with slips of 
wood nailed on each side of it, to form a kind of groove or trough, and at each end of the 
rod a strong flat hook, will be found very useful. When the chain is stretched tight on 
these two hooks it will be found to be the length required. This rod may be divided into 
yards, feet, and inches, so that every foot can be adjusted in its proper place. By having 
the chain always about three-quarters of an inch too long, and the chainmen well trained in 
stretching it, you can always keep the measurements very accurate. To test and adjust the 

instrument it is necessary always to have a true north line and a magnetic line staked out on the 
surface. 
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22. For plotting either surface or underground surveys the following method will be found 
both useful and accurate : Provide yourself with a large protractor of 12in. in diameter or upwards. 
Divide it into degrees and quarter degrees, with a vernier to divide degrees into minutes. Plot and 
work out all angles and bearings of surveys on a spare sheet of paper to a large scale. On this sheet 
of paper first draw a line for a meridian to work from. Draw all lines and angles with a very fine 
hard-pointed pencil. After carefully working the angles and bearings of your surveys on a spare 
sheet of paper, and you are satisfied that they are correct, you may then proceed (with a scale 
divided on one edge to suit the spare sheet drawing and the other edge divided to suit your working 
plan) to reduce them on the same spare sheet to the scale of your working plan, and then transfer 
them to the same. By proceeding as stated you will keep the working plan neat and clean. 

23. Table III. shows the seven different bearings transferred to the magnetic meridian at 
one fixing of the protractor, and in the second place transferred by the parallel ruler to the magnetic 
line. (See Fig. 3.) By placing the protractor to the magnetic meridian you may point off seven 
bearings at one fixing. (See Fig. 3 A, where the magnetic meridian is shown 19° west variation 
and seven bearings pointed off.) 


TABLE III. 


No. 

Bearings. 

Yards. 

1 

N 

2 W 

45 

2 

N 

8£ E 

25 

3 

N 

| w 

40J 

4 

N 

211 W 

21 

5 

N 

2 E 

138 

6 

N 

17f W 

35 

7 

N 

ii w 

56 


24. By drawing a blacklead line always through the starting point of your plotting, and 
parallel to the meridian, you may then, by applying the protractor to this line, mark oft as many 
bearings as desirable at one fixing, and by the parallel ruler transfer each bearing to its proper 
place in consecutive order; or you may transfer the bearings, as shown in Fig. 3 A, by a parallel 
ruler to any part of the plan thought neccessary. 

25. The above survey is worked out below. This survey was done by the dead needle, and 
after the first bearing with the magnetic needle. (See Fig. 3 B). 

26. Commencing at the centre of the pit shaft, the bearing is north-west two degrees 
(N. 2° W.), and 45 yards in length. The second bearing is by the dead needle, and based upon the 
first magnetic bearing, and reads from the vernier plate 10°, which shows the second bearing turns 
10° to the right, and is 25 yards long. The third sight is 3511°, an d the bearing 8£°to the left, and 
40| yards long. The fourth sight is 338°, which gives 22° to the left, and 21 yards long. 
The fifth sight is 23f° and the bearing 23f° to the right, and 130 yards long. The sixth 
sight is 340° and the bearing 20° to the left, and 35 yards long; while the seventh sight is 
16^°, the bearing being 16j° to the right, and 56 yards long. (See Table IV.), where the seven 
bearings are transferred by the parallel ruler to the dead needle line in Fig. 3 b.) 

27 For this kind of surveying, or for surface surveying, Casartelli’s dial is a capital 
instrument, having a vernier to divide degrees into minutes, and a semicircular ring, spanning the 
face of the dial by its periphery mark, with degrees for taking vertical angles. This semicii culai 
ring is so arranged that when it is in position for taking vertical angles it does not obstruct the 
dial sights when taking either horizontal bearings or vertical angles, as when taking the bearing 
of a jig brow or incline with the horizontal sight the ring is out of the way of the sight, while it 

gives the inclination at the same time. 
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CHAPTER VII. 


Systems op Working. 

1. Various methods.—2. The main point to be kept in view.—3. Two principal systems—4. Bord-and-pillar.—5. Pro¬ 
cedure.—6. Conditions which make it necessary.—7. Objections to the system, &c.—8. Formation of pillars.—9. Length 
of pillais. 10. Number of pillars. 11. When to work the pillars.—12. Long-wall.—13. Advantages and dis¬ 
advantages of long-wall.—14. Mr. Hedley on long-wall.—15. Mr. Alexander on long-wall.—16. Mr. W. Moore.—17. 
Mr. Warmgton W. Smyth.—18. Irregular systems.—19. Gobs and outbursts of gas.—20. Risca Colliery. 

1. There are various methods of working in different parts of the country, but the system 
which is considered the best in one county is regarded as unsuitable in another. This arises from 
the diversified character the coal seams often present. Nevertheless there are certain cardinal 
principles which may be adapted to the ever-changing circumstances, or the multifarious require¬ 
ments of the mines in different parts of the country. 

2. The main point to be kept in view in laying out and working a mine is to make it as 
productive as possible, and at the same time to maintain an adequate quantity of air in the workings, 
so as to secure the comfort and safety of the men. 

3. To effect this very desirable object many experiments have been tried, and much money 

expended by capitalists in operations of a purely tentative character. All the methods hitherto 
employed are said to be capable of being divided into two principal systems, commonly known as the 
bord-and-pillar, and the long-wall. In reference to these different plans, Dr. Ansted says: 
“ The methods of working adopted in England may be grouped into three, which, however, 
are often combined. There are—first, the pillar-and-stall, or bord-and-pillar, adopted in the New¬ 
castle coalfield; secondly, the long-wall, as adopted in Derbyshire and some parts of Yorkshire; 
and thirdly, that employed in South Staffordshire for working thick coal.” Mr. Warrington 
W. Smyth, in his work on “ Coal and Coal Mining,” says: “ The most simple and natural 

method would appear to be to open ranges of working places, each as wide as the nature 
of the floor and roof will admit of with safety, and each divided from its neighbour by 
masses of coal broad enough to sustain the pressure from above. This is, in fact, the 
rudimentary idea of the system of post-and-stall, or bord-and-pillar ( stoop-and-room of Scotland). In 
fullest opposition to this method is that of removing the whole breadth of coal over a long conti¬ 
nuous face, supporting the roof at the immediate face by temporary props, and allowing the superin¬ 
cumbent strata to break down bodily at a few feet distance behind the workmen— long-wall or long- 
work. Other modifications there are, which partake more or less of the character of one or the other 
of the above two systems, which are in vogue in special districts.” 


Bord-and-Pillar. 

4. The system of working popularly known as the bord-and-pillar is also known as the 
pillar-and-stall, post-and-stall, and in Scotland as the stoop-and-room system. This system of 
working is generally carried out in the North of England, but it is, in a variety of forms, found in 
most coalfields. This mode of procedure has been explained by Dr. Ansted in his lucid manner as 
follows :— 

5. “In working the bord-and-pillar the coal is at first got from comparatively narrow 
galleries, parallel to each other and through the coal on its rise; and others at intervals intersecting 
them at right angles. Thus the whole of the seam of coal within the property worked is reduced to 
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large rectangular pillars between these galleries, the pillars being left to support the roof (that is, 
the top of the mine and seams, and which, but for this precaution, would, of course, soon fall in a 
matter of common occurrence in worked-out mines, and often causing the subsidence of the ground 
overhead). The shaft being supported by sufficient coal all round, and the roads also protected in a 
similar way, the mine is safely worked in this fashion ; and afterwards, by cutting the pillars 
through, and at last removing them, replacing the coal for a time with stout wooden props, which 
are also ultimately removed, a large percentage of the coal is got away, though in most parts of the 
pillars it is too much crushed to yield round large coal. There is thus a considerable loss, and the 
roof is left to fall after the coal is removed, thus producing a broken hollow like an inverted funnel— 
technically called a goaf -—or else allowing the surface to sink in what is known as a creep. 

6. This method of working, it is said, is called for and utterly necessary by certain conditions. 
Instances of these conditions have been given, such as thickness of seam, tenderness of coal, or 
working under a surface which it is not desirable to disturb. 

7. The bord-and-pillar is not, however, without its difficulties and dangers. There are also 
many disadvantages attending it, and while much may be said in its favour under certain conditions, 
still there are serious objections raised against it. Keverting to the little work already quoted, by 
Mr. Warington W. Smyth, I see he has emphasised a danger which arises very naturally from this 
system of working, even under the most favourable conditions. He says: “In the 
earlier stages of coal-mining it is apt to be the case that the working spaces ( stalls' or lords), 
driven across the grain or cleat of the coal, are made as wide as possible, and that the 
pillars between them are left as thin as is required for immediate security. Thus, towards the 
outcrop of the Durham coalfields extensive areas have in former days been worked where the bords 
were from 3 to 5 yards in width, and the pillars between them 1 to 3 or 4 yards. As the bords 
advanced it was necessary to communicate between them for ventilation, and cross-drifts, called 
headways, were carried, about 2 yards wide in the direction of the cleat, or on the ends, and at 28 
or 30 yards apart. Where the pillars were only 3ft. or 4ft. thick it is obvious that they would 
soon be crushed as to be utterly useless, and thus a third or fourth part of the coal would at once 
be wasted by this means alone. When the pillars came to be laid out of 4, 8, or 12 yards to the 
wall, or in breadth—and it was found towards the end of last century that they might be robbed, 
or have a great deal of coal taken from them after the first opening of the bords—it became a matter 
of moment to adopt the proportions which would be most favourable to the full utilisation of the 
seam. Two great evils have to be avoided, evils on so large a scale that perhaps thousands of acres 
have been rendered useless to the community by the neglect of proper dimensions. One of these is 
the thrust, which, when pillars are too slight, and when the floor is hard, cracks the pillars, forces 
off large slabs of coal, and at last crushes the whole into slack. The second is the creep, a disorder 
more uncertain and insidious in its approach, and which, in spite of all attempted remedies, will 
sometimes destroy a valuable colliery. It arises when the thill or underclay is soft, and the 
proportion of pillars to bords such that after a time a downward movement takes place ; the pillars 
then force the clay to rise upwards in the bords, the roadways are injured, and have to be 
constantly repaired, the airways are partially choked, and the pillars crack. The mischief has 
perhaps taken its rise only at some unusually weak place, against a trouble; but as it spreads from 
bord to bord it infects the entire district, the floor bursts asunder, the roof, unequally supported, 
breaks down, the workings are closely filled with rubbish, and there remain the isolated crept 
pillars, only accessible by fresh and dangerous workings, and generally so crushed as to be nearly 
worthless.” 

8. In working a mine by this system great precautions should be taken in the formation of 
the pillars. Of course, no hard and fast rule can be made for the direction of managers in such an 
important matter, but it may be of advantage to bear in mind the following points :— 

9. The length of the pillars must depend to a great extent upon circumstances, and in 
forming an opinion there are several things to be considered, as, for instance, the ventilation 
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required, the depth of the seam, the manner of working, the nature of the roof, and the demand 
made by way of output. The width of the pillars must be designed so as to facilitate the operations, 

10. With respect to the number of pillars, and “ the proportion they should sustain in relation 
to the openings, I may say that it is a very important and debatable point, but I may add that it 
is necessary in forming any opinion upon a matter so essential to the success of the work that the 
character of the roof and pavement, the nature of the seam, the inclination of the mine, the faults, 
and depth of the seam should all be taken into consideration. Protracted deliberation upon these 
points, and a clear conception of the nature of the work to be performed, before coming to a fina] 
conclusion on a point of so much importance, are highly essential. 

11. Referring to the most opportune time for working the pillars, Mr. Greenwell states : 
“ In very fiery mines the pillars ought not to be worked away before having reached a considerable 
distance from the shaft. If the coal be tender the strength of pillars should be considerable, and 
the robbing delayed, because if they be worked away the probability is that those left for the 
support of waggon ways will be destroyed by the pressure. This assumes the roof to be good. In 
case of a bad roof the pillars should be worked away behind the whole, not only for economy, but 
also because when the roof is bad, and falls freely in the goafs, it soon sustains the superincumbent 
pressure and relieves the pillars next the main roads. Early robbing also concentrates the 
working districts, and gives greater facilities for keeping up a limited extent of workings for 
ventilation.” Mr. Hedley states that “ long-standing pillars do not yield so great a proportion of 
large coal as those which are more expeditiously worked.” 

Long-Wall. 

12. We now come to the system of working which is commonly known as the long-wall. 
Dr. Ansted has described the modus operandi as follows: “ The whole of the coal is got at one 
operation, either by working from the shaft towards the rise of the coal (boundary), and 
making safe roadways through the fallen roof by strong stone continuous pillars, or by driving 
first to the extremity and working the coal back towards the shaft, leaving the goaf or rubbish of 
the fallen roof behind.” In another place he adds : “ When the goaf is not dangerous from pressure 
of gas, and the roof will admit of it, this method is economical and efficient, as the whole of the coal 

. is at once removed on a long face, and is not subject to the partial crushing that takes place when 
pillars are left.” Mr. Warington W. Smyth, in describing this system of working, says: “ The long-wall 
method may be applied either by driving out roads into the solid coal to the extremities and then 
working back, leaving nothing but goaf or gob behind, or by commencing at once near the shaft 
to work away the mineral, maintaining means of access to its fresh face by roads artificially supported 
through the waste. Beyond this great differences occur according as to whether the faces of work 
need to be straight, following the lines of the cleat, or are divided into stalls, or may be set off in 
soy civil directions at once. The working faces are for the most part so arranged as to advance 
against the planes of cleat; but there are certain tender coals in which it will be found that when 
the pit is deep they are, upon this system, much broken up by the pressure, and that a far better 
proportion of coal will be obtained by working on the end, that is, in the dnection of such cleat. 
Referring to the face he says : u A great length of face may be opened in a single line, as much 
indeed as 100 to 400 yards; in others 30, 40, or 50 yards of straight face form a stall, and one such 
is followed up closely by another. In many instances, again, the face forms on the large scale a 
curvilinear working, which may be adopted when the coal is not so divided by cleat or backs as to 
cut more freely one way than another.” From these quotations the reader will learn that by this 
system the whole of the coal is extracted at once, while on the system known as bord-and-pillar 
the supports of coal are left to sustain the roof, which are afterwards worked as opportunity or 

necessity may suggest. 

13 Both systems have their advocates and exponents, but it is clear that neither one noi 
the other possess every virtue. Each system has its advantages and disadvantages, and they are not, it 
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is supposed, equally efficient under all circumstances. Much has been written for and against both 
of these methods, hut, to my mind, the long-wall system is by far the better where the circumstances 
are such as to favour its adoption. Mr. Jonathan Hyslop, in his work on “ Colliery Management,” has 
summarised the advantages and disadvantages of the long-wall system of working. He says the 
principal advantages are : (1) The extraction of all the coal, whereby a better return is obtained 

by the lessee for his capital, and proportionably increased acreage rental secured by the lessor. 
(2) As the “shearing” is confined to one or two main roads, there is considerable saving in that 
part of the labour, and, therefore, better coal at jess cost. (3) The superincumbent weight often 
reduces the labour of holing, or undermining, and with the same economical results, especially in 
highly-inclined seams. (4) The weight materially aids in bringing down the mass, after being 
holed; and thus, also, labour is lessened, and the expense of powder saved, and a larger proportion 
of round coal obtained than could be got otherwise. The disadvantages of the system are stated 
by the same authority to be: (a) Unless the pack walls are exceedingly strong and well built 
the weight will crush them down, and cause great expense in keeping the roadways. (b) Unless 
the work proceeds very regularly and constantly, the roadways and faces are very difficult to keep 
up, and the ventilation is hindered. Even one face, lagging behind the rest, causes much annoyance 
and expense, (c) Dykes and dislocations are much more difficult to deal with than in bord-and- 
pillar, and cause trouble with the roof that does not otherwise occur. Before passing to the next 
subject it may be desirable to quote the opinions of some of Her Majesty’s Inspectors on this 
system of working. 

14. Mr. Hedley states : “I have worked mines by various modes, and have invariably found 
the produce of large round coal has been the greatest by working long work, wherever the circum¬ 
stances are favourable. . . . The long-wall method of working a mine very materially assists in the 
getting of coal, as the weight on the face of the banks separates the coal from the bed, without the 
use of powder, and frequently without the use of wedges after the undermining is finished. The 
great simplicity of working by long work, and the ease with which it is ventilated as compared with 
other methods of working, is a strong recommendation for its adoption, where circumstances are 
favourable. 

15. Mr. Alexander writes : “To realise the full advantage of this system there are several 
points which require to be clearly understood. The nature of the coal must be carefully considered, 
with the view of taking advantage of the natural rents, back, and cracks which are known to exist 
in the majority of coal seams.” In another place he writes : “As a general rule it may be safe to 
adopt the following in laying out long-wall work: That the roads be driven at right angles, or 
nearly so, to the line of back of the coal, that the distance be in advance between each wall, do 
not exceed the width of a back, and that no following-up wall be driven in advance of the one which 
should give it cut. The disadvantages attending a following-up wall getting in advance of the one 
designed to give it cut are, the increased difficulty of working, occasioned by shearing, and 
diminished pressure upon the seam. Where the backs are thin, it may sometimes be judicious to 
drive the walls on end; and by such an arrangement there will be an increased percentage of 
round coal.” 

16. Mr. Wm. Moore contends that “the advantages claimed for this system are the 
facilities it affords for working under a had roof; for while pillars in stoop-and-room are unyielding, 
and cause the soft roof to break over them, in long-wall the pressure is extended over a greater 
breadth, and resting on yielding buildings of soft rubbish allows the roof to bend without breaking; 
and if the excavation be carried systematically forward, the roof may be kept unbroken at the face.” 
In another place, referring to the ventilation of such places, he says, “ The air can be coursed and 
split as may be necessary.” 

17. Mr. Warington W. Smyth says: “The great advantages of the long-work method are 
simplicity of plan (and consequently of ventilation), and the entire removal of all the coal; added 
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to which, under most circumstances, are greater safety to the men and a larger proportion of round 
coal in comparison to small or slack—a matter which, considering the prices, is of vital importance 
in the selection of the mode of working. It has been mostly practised where the seams are thin, 
or where they contain a band of refuse; but neither condition is indispensable; for, on one hand, 
coals of 6, 8, or 9 feet thick are at the present moment worked advantageously in this manner; and on 
the other, . . . bind or stone debris has been carried from one seam to another, or even taken down 
from the surface to assist in packing where it was needful. Nor is it necessary that the roof be good, 
although the expense will be very different according to its fragility; but if the operations be carried 
on with sufficient smartness to push the working place daily under a fresh or ‘ green ’ roof, it may 
be managed upon this system, even when composed of mere fire-clay with slippery joints. Only a 
few years have passed since the long-wall was much decried, except in a few localities, but its 
manifest economy is gradually introducing it elsewhere, and even in some of the deepest Durham 
collieries it is successfully applied to the working of off their gigantic pillars, whilst in a few pits near 
Dudley it has been employed for removing bodily first the upper and afterwards the lower half of 
the 10-yards coal, with greatly-increased yield of coal and security to life. In Yorkshire, and some 
of the North Welsh collieries, methods have for a long time been practised which unite some of the 
characters of the pillar system with a certain amount of long-wall. From the main levels, which 
are protected by sufficiently massive ribs of coal, bord-gates (generally in pairs) are driven up the rise 
of the seam in advance of the main workings, and between them banks are opened in the form of 
bords of 20, 30, or 40 yards wide, and, like the bord-gates, worked across the grain of the coal. 
The roof, of course, falls behind the men, so that the face lias to be protected by a double row of 
props, and sometimes by leaving small pillars, which are mostly lost. If the ground is bad, pack 
walls are also built here and there to prevent the falls being too sudden, and by similar walls an air 
way is carried along part of the side of the bank, so that the ventilating current shall pass along its 
upper end. But the roof here does not settle in the same uninterrupted manner as in the regular 
long-wall work; and the establishment of a number of separate goafs in proximity to, and generally 
below, the places where the colliers are working, renders outbursts of gas extremely dangerous, and 
has led to the fearful explosions of the Ardsley, Oaks, Darley Main, Warren Yale, and Lundhill 
collieries. Indeed, so fraught with danger has been this plan of working—even where other require¬ 
ments had been duly attended to—that some of the collieries of the Yorkshire district have been recently 
changed into long-wall workings, and apparently with very advantageous results. And under this 
head we must remember that, since the distribution and quantity of the ventilating air will depend 
upon the arrangement of the workings, a very serious responsibility attaches to the selection of the 
method most suitable to the character of the strata, and to the expected magnitude of a nascent 
colliery.” 

Irregular Systems. 

18. We have seen that between the two principal systems, bord-and-pillar, and long-wall, 
there are many modifications or varieties. In some collieries the way m which the woik is done is 
far removed from that systematic procedure which ought to obtain. No sooner are the workings 
opened than the coal is got in a variety of ways and in different places. This is a very serious error, 
and ought to be very strongly resisted by the authorities. This irregularity of procedure is a most 
dangerous way of getting coal, and a most fruitful source of accidents and explosions. By it venti¬ 
lation is retarded, and the mine cut up and filled with gobs, which, when left behind—extending 
sometimes over the whole area of the workings of a coal mine—fill with gas. These gobs are 
generally left unventilated, and in some cases are walled off, in the hope that the gas will be 
prevented from oozing out into the workings, or from mixing with the air originally intended for the 

ventilation of the mine. 

19 . This has proved in many cases a most fatal mistake, and has resulted in enormous loss of 
liffi. A fall in the barometer has often synchronised with an explosion caused by the gas leaking 
through the best walls, or, perhaps, more correctly through cracks and joints m the strata. Some¬ 
times the roof will fall into one of these gobs, and under such circumstances nothing can prevent the 
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gas "which has been accumulating there from being forced into the workings. Sometimes the root 
will crush upon the walls and break them to pieces, and liberate a volume of gas which has been 
pent up for years ; and so suddenly does this occur that it has often been mistaken for an outburst 
of gas from the strata. Again, in this irregular system of working there are occasionally a large 
number of cavities formed in the roof of the main roadways, through neglect, inadvertency, or care¬ 
lessness, so often experienced in such mines, or through bad timbering. The cavities also become 
receptacles for gas, and in time become extremely dangerous. In other cases the roof in the main 
roadways is allowed to fall too much before the timber is fixed, and the space is left vacant after 
the timber has been placed. (See Chapter on Timbering.) Mines worked on this system of patchwork 
never can be safe, neither with safety lamps nor any other sort of lights; for when the mine is one 
great field of gasometers it is perfectly futile to resort to any expedient to render it healthy and safe 
by other devices. 

20. This irregular system of working is illustrated by the accompanying plan of Risca Colliery, 
where a most terrible explosion occurred in 1861. A mere glance at this plan (No. III.) will convince 
any person of the absurdity of the method above described. 



CHAPTER VIII. 


Proposed New System. 

1. Driving out. 2. Good roadways.—-3. Hauling.—4. No goafs.—5. Another advantage.—6. Faults.—7. No explosions. 
8. Refuge stalls.—9. No danger from gas blowers.—10. Breaking of roof.—11. Air doors.—12. Colliery completed 
before working pillars, &c. 13. Boring, &c.—14. Royalties, &c.—15. Plan of procedure.—16. Brattice cloth. 

17. Pairs of levels.—18. Separate splits of air.—19. Thrills, &c.—20. Working face swept by air.—21. Crossings. 
22. Description of plans. 23. Jigging, &c.—24. Timbering long wall.—25. Winding engine.—26. Working several 
mines at the same time.—27. Hauling with horses.—28. Joints and faults, &c.—29. Description of plan for steep 
and flat mines, &c.—30. Two lines of rails, &c.—31. Description of plan on end of coal, <kc.—32. Cost of this system 
of working.—33. Lives saved by it.—34. How much coal the men could get per week.—35. How to change from the 
old to the new system.—36. Coal dust. 


SECTION I. 

1. In opening new workings roadways should be driven sufficiently large for traffic and 
ventilation. The roadways should be at least large enough to present no obstacle in carrying on the 
ordinary operations of the mine, say from 5ft. to 12ft. wide, and from 5ft. to 10ft. high. In some 
cases—such, for instance, as shunts, gin-rings, engine-room, boiler-room, &c.—it would be necessary to 
make them larger. These roadways should be driven to the extreme boundary, and all behind them 
should be left perfectly solid, that is between the roadways. When the boundary of the mine is 
reached the miner should then, and not till then, begin to work homeward on the long-wall or long 
face method, as shown in Plan IV. 

2. If collieries were only worked on this system they would be successful financially, and in 

the end would prove a great benefit to all concerned, for there would be a great saving both in life 
and property. It is idle to contend that roadways such as I have described cannot be made and 
kept in order. Experience has taught me that they can, and at less expense, than is the case in 

small crippled roads such as are often made in collieries in the present day. With such roads there 

would not be the slightest difficulty in maintaining sufficient ventilation to sweep out the gas and 
to keep the whole place perfectly clear. With such air-ways, and two shafts 201t. in diameter each, 
upwards of 500,000 cubic feet of air per minute might be produced, anci upwards of 2,000 tons of 
coal per day might be got. An estate four miles long and one mile wide could be worked with 
shafts such as I have mentioned, and larger areas could be worked if necessary. 

3. The underground hauling could be worked by steam engines, compressed air, or gas 

engines. 

4. In driving out on this plan care should be taken that no cavities are left in the roof of 
the roadways, whether intakes or returns. If the roof falls it must be filled up and kept solid. 
The goafs made at the working face would close up almost immediately behind the men as they 
proceeded with their work, so that there would be no cavities in the mine except at the working 
face, where there would be always plenty of air sweeping the whole area of the working face, and 
reducing the risk of an explosion to a minimum, besides rendering it far more agreeable and healthy 
for the men to gain their livelihood. Small goafs are often the greatest source of danger, as they 
often keep open a long time both in the roof and sides, and form receptacles for gas, and it often 
happens that they are not ventilated at all. Long wide gobs or goafs only keep open near the 
face of the working, while the back part of all large goafs soon close up. It is one of the most 
important points in the good of management collieries to have the mine totally free from such 

. cavities or goafs. 
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5. In the system I am advocating there is another great advantage—namely, that if any 
part of the long-wall face should close up, in consequence of a fall of roof, it would be possible to 
redeem the same by working a small strip of coal from the level below, about 10 yards wide, until 
the fall was crossed. Further, should faults occur in flat mines, either up or down throws, they 
could be crossed either by a series of inclines or by staple pits. (See plan XI .,ff) These inclines 
or staple pits could be hauled either by self-acting or ordinary underground machinery. If there 
should be any mines above or below the mine being worked, and it is thought desirable to work 
them, it would be perfectly easy, on the same principle I have already explained for the purpose of 
cutting faults in up or down throws. In steep mines the coal would be gained again by cutting 
right or left, according as the throw might present itself, either up or down. (See Chapter on 
Faults.) 

6. If it is known that large faults exist in an estate about to be worked, it is advisable, before 
commencing the colliery, to sink the pits on the deep side of the faults, and to tunnel from the rise 
side of the faults. 

7. If collieries were laid out on the system I suggest, and illustrated by the Plans IV., V., 
VII., and the precautions I have already referred to carried into effect, it would be utterly 
impossible for an explosion to occur even with the naked light in constant use. In most collieries 
the roadways are too small, and the ventilation is very much obstructed by the movement of the 
men, horses, and waggons, but on tbe system referred to this would be out of the question, as the 
regulators would counterbalance or allow for any such obstruction. 

8. For many years past there has been a great deal of discussion among managers and mining 
engineers as to the advisability of providing refuge stalls as near as possible to the working places, 
so that in case of an explosion the men might shut themselves up in them, and so escape the after¬ 
damp until proper ventilation could be restored, or assistance could be procured to relieve them. 
The experiment, it is needless to state, has been tried many times, and has always failed, inasmuch 
as these refuges have constantly to be disturbed by the system of working, and, consequently, fresh 
ones have to be made at great expense, which really are impossible to manage. But on the plan 
I suggest for laying out and working a mine, every person would have a place of refuge ready made 
close to his working, and a clear road to retreat by any level leading from the working places to the 
pit shaft, which would always be well ventilated; and if an explosion should occur, or an outburst 
of gas, as it is called, took place, the after-damp or gas would have a free course to the rise return 
air-way, and thus to the upcast pit, and never could, by any means, force itself through the well- 
ventilated intake levels; but I am bold to state that on my plan of working, with ordinary care 
and good management, an explosion could never take place. I have liberated hundreds of yards of 
gas from old workings, and driven it away into the return air-way by having a good force of air 
facing it. But suppose an explosion should occur, it could only affect the men immediately near, as 
every one can see by a glance at the plan, and all the other men could escape on their own levels, 
while the men in the vicinity of the explosion would most probably escape with little or no injury, 
as the flash would have plenty of room for expansion; and as there could be no reversal of the air- 
current, and there being a good current of air sweeping every level, the men would have every 
chance of escape. An outburst of gas, therefore, on this system of working could not possibly do much 
harm, with so many air-roads, and all being in solid ground, and no air-stoppings or crossings or doors 
to impede its progress. 

9. By driving two levels, as already described, there would be little danger when meeting 
blowers of gas. Generally, the geological stratification of the district, and the faults which may be 
expected to be met with, may be well known, and by paying attention to boring there should not 
be the slightest necessity for any alarm. 


10. In the long-wall face there is generally warning when the roof begins to break, especially 
in strong ground, and time is therefore allowed to prepare for the advent of the gas which may 
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possibly attend the fall. It has been known to crack and break for several days before the general 
fall has taken place. With good ventilation, therefore, and every man keeping his eyes open and 
his wits about him, there ought to be little or no danger attending it. 

11. Theie should be no air-doors, nor any crossings for the air to percolate. There are a 
numbei of collieries being worked to-day at which there is more than sufficient air going down the 
pit, but there is scarcely a breath of it in the extreme workings. This loss arises from the quantity 
of imperfect air-stoppings and air-crossings, which allow it to drift off towards the furnace; but oh 
the principle of working described, there would be no air-crossing nor any stoppings to blow down, 
and all air thrills, except the one nearest the face, would be filled with refuse dirt from the main- 
road, so that all fire anda fter-damp would be driven right away into the returning air. In case of 
any accident through gas, it could only affect a portion of one side of the pit, and the other side would 
never feel it. 

SECTION II. 

12. Under a proper regime of things collieries should be set out and completed before any 
attempt is made to work the pillars. But it may be objected that such a thing would be imprac¬ 
ticable. The proprietor could not wait so long as such a course would necessitate for a return. But 
I may ask why he cannot wait. Are collieries to be a great exception to the generality of invest¬ 
ments ? For instance, cotton mills, at a cost of £100,000, have to be made and often worked some 
time before those who have invested their capital get any return for their money, and the same 
thing pertains to other great works; but collieries are an exception to the general rule. Now 
if there was no reason for deferring to work the pillars, or for objecting to the coal being got by 
cutting and carving the mine in all directions, I should be the last to call attention to this striking 
anomally; but there is, and a'very serious objection too. The matter directly affects the comfort 
and safety of the lives of thousands of human beings, who are compelled, for the sake of acquiring a 
livelihood, to descend the pit, and their comfort and lives are placed in jeopardy in order that the 
selfish desires of the capitalist may be satisfied. Colliery proprietors are too often like children in a 
garden, who, for reasons best known to themselves, begin to pluck the fruit before it is ripe or lawful 
and that, often, to the ultimate injury of themselves and others also. There are certain kinds of 
work, in no way of greater importance to the community than coalmining, which have to be examined by 
a Government inspector, who is expected to certify that all is right before they are allowed to be put 
into operation. So I contend this ought to be the case with coal mines. No company nor pro¬ 
prietor should be permitted to work a coal mine until the roadways have been driven to the extreme 
boundary line, and Her Majesty’s Inspector has certified that the workings are such as to secure a 
minimum risk to the workmen. 

13. When driving out strait work and nearing faults, boring should be resorted to, in 
order to prove whether there is any gas in the fault or not, and, if so, to liberate the same. When 
opening out new workings underground boring should be made compulsory. 

14. Again, it is argued that it is not possible to drive to the extreme boundary before com¬ 
mencing work, because there are fresh royalties sometimes to be added, where there are small 
estates adjoining each other. But such an objection ought not to be permitted to stand in the way 
of an efficient and safe execution of the underground workings, for it should have been almost the 
first consideration, on determining to sink a shaft, how far it was intended to extend the woik, in 
order to place the shaft in the most advantageous position. 

15. The plan of proceeding, in opening a new working, which I suggest is as follows : After 
making the main-road for traffic, also the air-roads, between the down-cast and up-cast pits, and 
having decided what width of rank to have, pairs of levels should be driven right and left from 
these roads, with certain distances between each pair. All thrills should be driven downhill 
from the higher to the lower level, and always low enough to meet the lower level as soon as it gets 
up to this place. (See Plan VI. a a a.) 
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16. The frame brattice cloth (as shown in Plan VI. dddd ) must be well fixed from one thrill 
to another, and right on to the face. Sufficient air would thus be obtained to blast either the roof 
or the floor with perfect safety. 

17. When all the different pairs of levels have been formed and connected with the boundary, 
and the long-wall faces also made, blasting would not be necessary, as the coal could then be got 
by wedging in the long-wall faces. 

18. While driving these levels, each pair would have a separate split of air to itself, as shown 
in Plan VI. The lower level would form the intake from the down-cast shaft, while the higher level 
would be the course for the return air to the up-cast shaft, consequently there would be direct 
currents from the down to the up-cast pit without any interruption of air-doors. (See Plan VI.) 

19. All air thrills should be filled up, as progress is made with the roadway, with refuse 
material, with the exception of the thrill next to the face, and a brick or stone and mortar stopping 
built at each end of the thrills, as shown in Plan VI. b b 6. 

20. After the levels and long faces are formed as above, then all the main air-roads, right 
and left, would have a direct line wholly free from air-doors and air-crossings from the down-cast to 
up-cast pit. The air from the levels would sweep all the working faces in its course, and the men 
would be benefitted very materially by being enabled to work in pure air. 

21. It must be noted that while driving forward and opening out levels, crossings are required, 
as shown in Plan VI. c c. 

SECTION III. 

22. In order to make the matter perfectly clear, so that all may understand my proposed 
method of working, I have drawn several plans in illustration of the subject. Plan IV. shows one 
side only of a colliery set out on the method I am advocating. It also shows the workings and 
machinery at the extreme boundary, pits and machinery at the centre of the estate. The width of 
the rank, from the rise to the top side, is 1,110 yards, and is drawn on a scale of four chains to the 
inch. The interior of the estate is shown by blank lines. The up-cast pit, 20ft. in diameter, is 
situated at the extreme rise of the rank, and the down-cast pit, 20ft. in diameter, is situated in about 
the middle of the rank. The pit shafts, main roadways, machinery, and materials are drawn on a 
larger scale in order to show more clearly how the workings are arranged. The coal pillars, side 
levels, ox ventilating roads and thrills, are drawn to a scale of four chains to the inch. The furnaces 
and boiler fires are fed with fresh air, and fixed at a sufficient distance—namely, 100 yards—from the 
bottom of the up-cast pit to allow all the return air and gas to pass into the up-cast shaft without 
coming into contact with the flame or sparks from the furnace fires. 

23. Each group of men at the working face jig their own coal down to the main levels, where 
they gioup in gangs of 20 waggons or more, to be drawn out by hauling engines. All coal from the 
levels on the deep side of the shaft’s main level is drawn up by the hauling engines to the 
shaft s main level and endless rope, and by the endless rope conveyed to the shaft. A.11 
coal fiom levels on the rising side of the shaft level is first drawn out of the level ends 
by the hauling engines into the main brow. The engines are then put out of gear, and 
the waggons jigged or braked down to the endless rope. This haulage might be done by 
compressed air or gas engines fixed at these brows, if thought desirable, instead of carrying 
lopes fiom the shaft. All the main jigs are worked by an iron counterbalance, of sufficient weight 
to diag the empty waggons up while the full waggons are going downhill, being sufficient of them¬ 
selves to draw the balance back. On this plan waggons can be returned from any point. (See Chapter 
on Jigging.) In jigging down the coal face, a pit waggon partly filled with coal or dirt sufficient to 
diaw the empty waggons uphill, may be used as a counterbalance so long as the full waggons will 
draw those partly empty back again. 
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24. For timbering long-wall faces extra strong props instead of wooden chocks ought to be 
used. These are not only cheaper but much safer. In thick mines the wooden chocks shrink too 
much, and cause the roof to break on the face. In order to avoid this strong props should be used. 

25. For deep pits the best plan of winding is by a pair of engines, either vertical or 
horizontal, with compensating drums, the periphery being so adjusted that the -weight of the load 
will not vary throughout the whole length of the pit from the time of starting to the time of 
stopping. A pair of engines of this description, 500 horse power, are quite ample to wind 2,000 tons 
of coal in 12 hours from a depth of 600 yards. 

26. Where several mines have to be worked at the same time the best plan is to lead on 
with the higher level a few yards only, while that leads the next again below it a few yards also. 
(See Fig. 1.) Sometimes an under mine is worked a great distance ahead of the mine immediately 

TOP LEVEL 


/i / D D L E 


& ottom 


FIG. I. 


B 


above it, and the topmost mine is worked sometimes ahead of the lower. This is a decided mistake, 
and leads to great inconvenience. The best, safest, and most profitable method is to lead with the 
topmost mine, the others following at short distances behind, as seen in Fig. 1. 

27. If thought desirable the hauling on my method of working might be done by 
horses from 14 to 16 hands, and the coal drawn from the working faces or boundary 
along all the main levels to the shaft and self-acting inclines near the pit bottom. With good 
roads, properly made, with a fall of |in. per yard, with full loaded waggons holding from 8cwt. to 
lOcwt. each, with wheels from lOin. to 12in. diameter, the hauling could be done at one penny 
per ton per mile, even with such horses as I have referred to. 

28. As soon as a new shaft is got down to the coal, by driving out the shaft levels with all 
possible speed, all joints and faults crossing the same are cut on the way to the boundary. By this 
means a great portion of the gas is drained before the after workings could reach them, and as each 
pair of levels come up to these points at a subsequent period they are constantly drained of any gas 
which might have remained, so that when all the pairs of levels are brought up to the boundary, and 
the long-wall face formed, there need be no fear afterwards, if there is only a good rise outlet am a 
sufficient current of air passing the various levels into the long-wall face. In all mines there should 
always be more than a sufficient supply of air even in the worst weather, so that it may be necessary 
to shut off a portion occasionally, for it is always easy to put it on again. 

29. Plan VII. shows how to work steep and flat mines, from 2ft. to 8ft. thick, on the 
long-wall system. On this plan the whole of the air-current can be split through one two or a 
the levels entering the long-wall faces by the regulators. If any part of the long-wall face fell m 
it would never be so closed that a portion of air could not pass through it. The total amount ol 
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the air-current could be kept up by adjusting the regulators ; and if an explosion should ever by 
any means occur along the long-wall face, the after-damp could never force itself through the 
incoming air-currents, for it would more readily escape into the rise return air-ways. Again, the 
currents of air could not be reversed by an explosion, because there would be no air-crossings, nor 
air-doors, nor air-stoppings to be blown down, consequently the men would always have a place at 
hand for safe retreat, away from the after-damp, by running into the levels. 

30. By making two lines of rails in each level, and drawing two sets or gangs of waggons 
after one another, the rope coupling joints would be brought to all the level ends ready for coupling 
to the main engine ropes when the gangs are at the top of the engine brow. On this system from 
20 to 30 or more waggons can be drawn at one haulage. All side levels and thrills should be 
filled up with refuse dirt when done with. 

A 

31. By referring to Plan VII. (in solid) it is necessary to observe that the long-wall face on 
the right-hand side of the plan is nearly on the end of the coal, and by leading a little with the 
top end of the long-wall face it may be got quite on an end. By working up-hill from each level, 
in widths from 10 to 50 yards, and leading with the right-hand side, you get the face on the 
cleavage or cleat of the coal; and on the left-hand side of the plan the long-wall face is nearly 
on the end of the coal, and by leading a little with the bottom of the long-wall face it may be got 
quite on the end, or by working up-hill from each level, in widths of from 10 to 50 yards, and 
leading with the right-hand side, you may have the face on the cleavage or cleat of the coal. 
The joints of the roof bear, as shown, by the breaks in the fallen gob. If possible the long-wall 
face should never be parallel with the joints of the roof but across them. 

32. This plan of long-wall working would cost twopence per ton less than the pillar-and-stall 
plan, on account of the extra cutting there is on the pillar-and-stall system; and the long-wall, 
working inwards from the shaft end, would cost twopence per ton more on all coal got than when 
working from the boundary to the shaft, on account of the extra packing, &c., that would be required. 
The accompanying sketch shows the measurements of a coal pillar in strait work :— 
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32 yards by 14 yards and 2 yards thick equals 896 cubic yards, and allowing 10cwt. to the cubic 
yard it would give 851 tons. One thrill and level would equal 44 lineal yards, which at 3s. 6d. 
would give 154s. This yardage money puts 2*17d. on each ton of coal. Again, 32 yards by 
14 yards and 1*666 yard thick, equals 746 cubic yards, and at 19cwt. per cubic yard would 
give 709 tons, and 44 lineal yards strait work at 3s. 6d. equals 154s., which gives 2*6d. 
per ton. Once more, 32 yards by 14 yards and 1^ yard thick equals 594 cubic yards, and at 
19cwt. per cubic yard would give 574 tons, and 44 lineal yards at 3s. 6d. would give 154s. 
which would equal 3‘22d. per ton. The cost of yardage in strait work, on the pillar-and-stall 
system, is about 3d. per ton on all coal got; but the plan I suggest of long-wall would not cost more 
than one-third the above-mentioned price for yardage, which would be a saving of 2d. per ton on 
all coal got. One statute acre 4ft. thick equals 6,121 tons, which at 2d. per ton gives £51. One 
statute acre 5 ft. thick equals 7,663 tons, which at 2d. per ton gives £63 15s. One statute acre 
6ft. thick equals 9,196 tons, which at 2d. per ton gives £76 12s. One square mile equals 640 
acres, which at £51 per acre gives £32,640, by four square miles it equals £130,560. One square 
mile equals 640 acres, which at £63 per acre gives £40,320, and by four square miles it equals 
£161,280. One square mile equals 640 acres, which at £76 per acre gives £48,640, and by four square 
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miles equals £194,560. Then, £130,560 + £161,280 + £194,560 = £486,400. The system of 
working from the shaft end inwards would cost 2d. per ton more on all coal got, for pack walling, 
than my plan of working homewards would cost, which equals £486,400 for the above-named 
three mines 4, 5, and 6ft. thick, and four square miles. All the coal could be got at 4d. less per 
ton by the long-wall system of working homewards, than the pillar-and-stall and long-wall systems 
working inwards. The quantity of coal got in the year 18S4 in Great Britain and Ireland was 
160,757,779 tons. If, then, we take this quantity we can easily get at the saving which would be 
effected by my system of working. For instance, 160,000,000 tons at 4d. per ton would give 
£2,666,666. This may look a large item of difference between these systems of working, hut it is, 
nevertheless, perfectly correct. 

33. The loss of life annually in the coalmines of Great Britain and Ireland is estimated in 
round numbers at 1,000, and I believe that quite as many, if not more, lives are lost through the 
filthy atmosphere in which the men are compelled to work, and I believe that at least 1,500 of the 
2,000 lives might be saved if my plan of working were adopted and open lights used. 

34. When, driving strait work, two men in one level face will cut 1 \ lineal yard in eight 
hours, where the coal requires blasting, and three shifts of men will cut 4^ yards per day, or 27 
lineal yards per week, or 1,250 lineal yards per year, twice the quantity can be got if the coal does 
not require blasting. I have had as much as 60 lineal yards cut per week in one level face. It is 
clear, therefore, that it would not take long to drive out to the boundary. A colliery with two 
miles on each side of the pit should be driven to the boundary on both sides in about 2f years in 
hard coal, and in half that time if the coal is soft. 

35. It may be contended that such a system may be practicable in opening new mines, but, 
it may be asked, how can old mines, where the old methods are already in vogue, be changed ? To 
which I reply, most collieries worked out from the shaft end may be changed to this plan of working 
from the outer boundary, by driving the main levels forward from the present workings, and then 
forming the long-wall face from one level to another, and connecting it to a use letum air—way 
leading to the up-cast pit. The old system of working might he continued until the new system 
was completed, when all entrances to the old workings should be closed up for several yards with 
small refuse dirt, and bricks and mortar or stone and mortar walls, sufficiently strong to resist a 
heavy crush of roof. If all entrances to old gobs were served the same, if they should get filled 
with gas it could not be driven out, as is too often the case in the present day. If the finishing of 
the wide worked places were near a rise outlet they might be cut through in different places, in 
order to allow any gas which might collect there to escape. 

36. There has been a great deal of discussion of late about the danger which arises from 
dusty roadways in coal mines. A great variety of schemes have been suggested to prevent the 
same ; but if all pit tubs were closely boarded, and the top part of the tub loaded with large or 
small lumps of coal, very little dust would escape in transition, even m very windy roads, and there 
is generally sufficient, both large and small, lumps of coal with which to do this. This simple plan 
is far less expensive and much easier to manage than any other plan 1 have seen proposed. 
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CHAPTER IX. 


Timbering. 

1. Falls of roof and sides.—2. Royal Commission.—3. More accidents from falls of roof and sides than from explosions.—4. 

Suggestions by Royal Commissioners.—5. Bad system.—6. Quality and strength of timber. 1 . Miners should know 
how to set props.—8. Best method.—9. How to set props.—10. How to preserve mainways, &c.—11. Archways.— 
12. Crushing ground.—13. Bad ground.—14. Old system of timbering roadways.—15. New system.—16. How to 
preserve roadways near shaft bottom.—17. When the roof has broken. 18. When the sides are strong. 19. How to 
timber engine-house, &c.—20. How to stop water in strait places. 21. An experiment. 

1. If I were to question persons who have little or no experience in the working of coalmines 
as to what formed the most fruitful source of disaster, there can he little doubt, I think, but that they 
would reply—explosions. Such an answer would he perfectly natural to the inexperienced, hut 
those who are engaged in the daily occupation of mining know perfectly well that it is not so. There 
are annually far more fatal accidents from falls of roof and sides than from explosions of gas. One 
reason why so many people think that the most fruitful source of danger in mining arises from what 
are called outbursts of gas is, because they are more likely to be noticed by the public press, and 
their direful effects depicted in the most graphic and impressive manner, and consequently the public 
mind is excited by their harrowing details. But because accidents from falls of roof and sides are 
almost occurring daily, little or no attention is given to them, and they are seldom heard of beyond 
the locality in which they take place. The public, as the miner himself, become so familiar with the 
fatal accidents which arise from these causes, that they pass almost unnoticed, or are soon forgotten 
and lost sight of altogether. 

2. That my contention is true can be easily proved. The Royal Commissioners, in their 
final report, have presented a table, showing in the most convincing manner the enormous risk 
which the miner runs in his daily occupation from falls of roof and sides, and at the same time they point 
out that there is far more danger from this cause than even explosions caused by outbursts of gas. 
In order to impress those who are responsible for the management of mines with the desirability of 
giving greater attention to this subject, the Commissioners caused the following table to be inserted in 
their report, showing the number of fatal accidents from various causes during the years between 
1875 and 1884, and as this is the most trustworthy authority I could quote upon the subject, I give 
it in extenso. 


Year. 

Total Number 
of Deaths. 

No. of Deaths 
from Explosions 
of Gas. 

No. of Deaths 
from Falla of 
Roof and Sides. 

No. of Deaths 
from Miscel¬ 
laneous Causes. 

1875 

1,244 

288 

459 

497 

1876 

933 

95 

449 

389 

1877 

1,208 

345 

448 

415 

1878 

1,413 

586 

469 

358 

1879 

973 

184 

426 

363 

1880 

1,318 

499 

462 

357 

1881 

954 

116 

450 

388 

1882 

1,126 

250 

468 

408 

1883 

1,054 

134 

469 

451 

1884 

942 

65 

482 

395 

Total.. .. 

11,165 

2,562 

4,582 

4,021 
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3. From this table it will be seen that the total number of accidents for those years 
amountd to no fewer than 11,165, and further, that while 4,582 are attributed to falls of roof and sides, 
only 2,562 were occasioned by explosions of fire-damp. This, then, I regard as the most conclusive 
evidence that the greatest risk the collier runs in his daily occupation arises from this source of 
danger. It follows, therefore, that the attention of all concerned in the management of mines should 
be specially directed to the question of how to remedy these defects and avert the sad consequences 
which so often fall upon the homes of our miners, either by carrying away the breadwinner or by 
maiming him for the remainder of his natural life. 

4. Reverting once more to the final report of the Royal Commissioners, I see that they have 
made several suggestions to counteract this source of danger, and also for the prevention of accidents. 
They state (1) that one important factor of protection against falls of roof and sides is to provide 
the miner with a good light, convenient and handy, which will enable him, whilst engaged in 
getting coal or other mineral, to see and protect himself against defects in the sides and roof of 
working places. This recommendation is a most valuable one, and ought to commend itself to the 
thoughtful consideration of all persons engaged in mining operations. This suggestion cannot 
help but be most successful if carried into effect, and productive of great good both for 
masters and men. But I must not enlarge on this point here, as I have discussed the matter in detail in 
another place. (2) The Commissioners recommend that due importance should be given to the 
following points also : (a) The maintenance of ample supplies of timber in localities convenient to 
the workmen; (5) the proper training of each miner to the best mode of timbering and otherwise 
protecting his working place; (c) the exercise of increased care on the part of the workmen in 
watching the roof, sides, and face, and protecting themselves in time; (d) the introduction, as far as 
possible, of arrangements with the workmen, which will make it their interest not to avoid the 
labour of putting up the necessary timber, cog-walls, buildings, or nogs for their proper protection ; 
(e) the employment of special timhermen or deputies for the timbering of main-ways, and also for the 
repairing as well as drawing timber; (/) preventing timber being left in the goaf of long-wall 
workings, which would have the effect of breaking the roof; (g) driving the working-places as 
rapidly as possible, by shifts of an ample number of workmen in each face, and so reducing the risk 
of falls, and exposing the least number of men to danger at any one time. Now, while I am ready 
to admit the importance of these suggestions, I cannot close my eyes to the fact that they are 
not all alike equally valuable; nor do I think that the Commissioners themselves regarded them as 
such. To my mind those marked (6) (c) (d) and (e) are the most essential, and where they are strictly 
attended to in detail, and a strict and searching oversight kept upon responsible persons, they would 
go a considerable way towards averting the danger from falls of roof and sides. It is very important 
to have men in every mine who can give their whole time and attention to the study of the best 
methods of timbering and preserving the main roadways intact; nevertheless, it is even more 
important that every facility should be given to each miner for watching the roof, sides, and face of 
the workings; also that each miner should be taught the best and most efficient methods of 
timbering himself. 

5. The system of timbering in some mines can hardly be called, in justice, a system, for it is 
almost as bad as it can possibly be, and bears only the semblance of that method which ought to be 
most rigidly enforced. 

6. Proper attention should be paid first of all to the quality and strength of the timber used. 
In the next place great care should be exercised in setting the props. Many valuable lives have 
been lost and much inconvenience experienced through props and couples springing out after the 
weight of the roof has pressed down upon them. This can easily be prevented by fixing the props 
correctly, which ought to be barely at right angles to the roof or stiata. 

7. All miners should know how to set their own props. If a man is not qualified to do so he 
ought not to he allowed to work in the mine. A collier constantly engaged in getting coal is more 
likely to know where the roof has any tendency to crush than a person who only pays periodical 
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visits to the place, because he would hear the cracking, and would be in a position to apply the pi ops 
to the real point of danger in the strata. Underlookers and firemen ought to he compelled to 
instruct the men how to place their timber to the best advantage, also how to safeguard their 
interests in other respects, and any carelessness on their part ought not to be allowed to pass 
unchallenged or unpunished. 

8. I will now proceed to give a few illustrations of some of the best methods of setting pi ops, 
also of timbering main-ways and other places where necessary, and at the same time point out, foi 
the help of students, how cavities are left after the timbering has been completed, forming 
receptacles for gas, and the danger which often arises when the roof crushes and forces the gas out 
into the workings or main-way. 

9. Fig. 1 illustrates the manner in which props are sometimes set. A represents a prop set 
at a right angle to the incline of the mine; B a prop not driven quite up to the position of a right 
angle; while C and I) represent the reckless way in which in many mines the props are set by 
careless and untrustworthy workmen. It is self-evident that when props are set as at C and D they 
would have a greater tendency to spring out the moment the slightest crush was experienced than 
in the case of the props set as at A and B. It follows, therefore, that the further a prop is set from 
the position of a right angle to the incline of the mine the less safe is it when the strata press upon 
it. Nor is it best to set a prop exactly at a right angle, as represented by A m Fig. I., for this 
this reason: when the roof is settling down it always swags a little downhill. After a long 
experience I am persuaded that it is of the greatest advantage to drive the prop to a position a little 
short of a right angle to the incline of the mine, so that when the full force of the pressure comes 
upon it the weight will tend to bring it into the most beneficial position, namely, the position of a 
right angle to the incline of the mine when the roof has settled. Sometimes, when the floor is hard 
and the props too long, the men will not go to the trouble of cutting the floor a little, but will leave 
the prop before they have made it secure by driving it sufficiently up. The utmost vigilance should 
be exercised against this slip-shod way of doing the work, as so much of the safety and well-being 
of the men depend upon those who have charge of the timbering. 

10. The following illustrations show the best methods of preserving main-ways and other 
places so essential to the ease and comfort of the men in prosecuting their daily labour, and show 
how timber can be utilised to the greatest advantage both to employer and employed. In order to 
secure the roadways in bad ground, in deep pits, about the shaft bottom, also engine-houses, shunt 
ways, and indeed all permanent wide roads, I would suggest some such method as I have sketched 
in the following plans. 

11. Fig. 2 shows how an archway may be built of the greatest durability. The arch is made of 
blocks of good pitch-pine from which the resin has not been extracted. They can be made any size, 
according to circumstances, from 12 to 24 inches square. But whatever be the size fixed upon they 
should be of convenient lengths. This method is far superior, and far more endurable, than arches 
made of bricks or stone, especially where it is necessary to groin one archway into another. This 
kind of an arch will stand far more pressure than an arch made either of bricks or stones. I have 
known wooden arches to stand the pressure in crushing ground for years after brick and stone work 
had given way in similar ground, and in fact very near the same place. I have seen hundreds of 
yards of stone and brick archways taken out after being crushed and broken, and replaced with 
timber couplings or square frames with cross timbers from one to another. 

12. Again, at great depths and in crushing ground timber is much handier and cheaper to 
repair with than any other material. I have made many experiments in this direction and have 
always found timber the most beneficial for the preservation of roadways. I have used planks 
3in. thick for binding courses, where there was crushing ground, and have found the 
method to be a great improvement on the old system of making walls simply of bricks or stone. 
(See Fig. 2 a a a a). I have had walls made in this way, and years after have found that the bricks 
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had been crushed into the timber—yea, I have known the bricks to be crushed quite small, and the 
walls, nevertheless, have stood for years after in that condition, and they have answered the 
purpose for which they were erected well. Some of the walls to which I refer were made twenty 
years ago, and are still standing. It is very astonishing what an amount of durability can be 
obtained from walls of this description. It is well sometimes to keep such walls in constant repair, 
but in this great care should be exercised. I have known cases in which repairs proved a great evil, 
and have been injurious to the stability of the wall. The walls would have stood much longer 
and better as they were, the wood and bricks forming together a most compact and substantial 
structure. 

13. Wide roadways in bad ground, with cavities in the roof, may be well secured by timber 
frames fixed about 4ft. apart, with cross timbers put close together from one frame to another. 
(See Figs. 3, 4.) The space or cavities above the cross timbers should be filled up with old 
sawing, split and broken boards, chips and old branches, boughs of trees, or any other kind of light 
rubbish. This should be mixed with dirt and refuse made in the place. This plan I am certain 
will be found to answer exceedingly well. Fig. 5 shows the couples in vogue, in the old system, 
newly fixed. Fig. 6 shows the result when the roof gives way, and the main cross-bar breaks 
beneath the pressure. These figures also represent an improvement on the old system in jointing the 
couples, as less labour is required to make them, and less timber is wasted in their formation, than 
any other system I am acquainted with. They are also recommended because they are much 
stronger than those ordinarily used and require less labour to set and draw. 

14. The old system of timbering roadways is to fix a pair of couples about 4ft. apart 
from one another ; then cross timbers or props of wood are placed, resting on the top of the main 
cross-bars from one to another, consequently, when the roof begins to crush, if the result shown in 
Fig. 6 is not experienced the cross-bars may be so bent as to reduce the height of the roadway to 
such an extent as to cause considerable inconvenience, if it is not necessary to stop the traffic 
altogether, in order to replace the bent cross-bar. This may be obviated by fixing the timber as in 
Fig. 7. This sketch shows the better plan, which is to set two bearers, one on each side of the road¬ 
way, and resting on the end, top side, of the main cross-bars, and reaching from one pair of couples 
to another, upon which timber is placed crossing the roadway, resting at each end upon the side 
bars. Any sort of timber will do for placing across the roadway. Timbering on this plan is easy 
to repair, and the main couples are preserved, while the repairs can be accomplished with little or 
no inconvenience to the ordinary traffic. 

15. Fig. 8 represents couples of the system of timbering referred to above, with the covering 
cross-bar broken. It will be seen at a glance that the breakage does not affect the main cross-bar, and 
can be repaired with less trouble than if the main cross-bar had been broken by receiving the full 
force of the falling roof. Figs. 9 and 10 are for the purpose of showing the cavities above the timber 
work. In Fig. 9 the cavity is left open, and it will be seen that there are two very important evils 
to be considered in connection with such open spaces—namely, they form receptacles for gas, and 
allow some play, which is a most important matter when the roof begins to crush, as the pressure 
falls on the cross-bars suddenly, thereby increasing its liability to break them, while Fig. 10 shows 
the cavity filled up, thus preventing the gas from collecting there in any great quantity, and causing 
the pressure of the roof to settle upon the cross-bars gradually, which often averts the risk of breaking 
them. 

16. Figs. 11 and 12 represent the end and side views of a very successful method of preserving 
roadways near the shaft bottom. The brick side walls are bound every five courses with planks, and 
set with good strong mortar. Crossing the roadways from the top of these walls are balks of pitch- 
pine timbers put close together. All spaces above these timbers should be well filled and pounded with 
stiff clay. In lifting or crushing ground trenches should be cut in the floor from 12in. to 18in. 
deep and filled with well-pounded stiff clay, and the walls built upon it. I have built walls in this 
way and have found some time subsequently that it has proved most advantageous, as the walls 
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tested upon a settled foundation after the pounded material had been pressed from under. This 

suggestion, simple as it is, will he found of inestimable value in such cases. 

\ 

17. Fig. 13 illustrates a system of timbering places where the roof has broken and fallen 
several yards in thickness, closing the place for scores of yards in length. I once had a main road- 
way m which the roof had bioken to the thickness of nearly ten yards, and closed the roadway from 
" 00 to 300 yards in length. To open it out again I commenced hy setting a pair of couples or square 
frames of timber, as in Fig. 13 a a a. I decided in the next place to drive strong piles over the 
frame into the fallen material bbb b, with the leading points slanting upwards to give room for the next 
pair of couples, with its cross timbers to pass beneath them. While driving the piles and removing 
the dirt beneath them I set props under the leading ends of them, to keep them up until they were 
driven far enough. It was necessary sometimes to use the screw jack to force the leading end of the 
piles up sufficiently to allow room for the next pair of couples and piles d d. Thus, I continued 
pair after pair until the whole length of the broken ground was opened and made quite secure again. 
The cause of this disaster arose from the place having been flooded with water. 

kig. 14 represents a method of timbering a place where the sides are sufficiently strong 
to carry the cross-bars ct a without upright timbers being necessary. 

19. Fig. 15 shows how to set timber so as to make a roadway and engine-house where 

the ground has broken or fallen. The roadway and engine-house represented in the sketch, illustrate 

the end view of a roadway and engine-house made in a place where the ground had fallen to the 

extent of ten yards. This place had once been arched with good strong bricks and cement from two 

to three feet in thickness. The ground was so bad that it crushed and broke the arch to fragments. 

Subsequently, timber was tried and proved ineffectual also. The archway was propped and spragged 

with timber in all shapes and forms, but ultimately the whole fabric came down and closed the place. 

The failure arose from the careless way in which the timber had been fixed. Another attempt was 

made which proved effectual. The successful plan of fixing the beams is shown in Fig. 15. 

Props and sprags were set in different forms in the open space above, from which the ground had 

fallen. All the open spaces between the props and sprags and above the main timbering were filled 

with all kinds of light material, such as broken props, &c. Subsequently the engines were laid down 

and used for pumping purposes, and the place has stood very much better than could have been 
anticipated. , 

Plan for Stopping Water in Tunnels or Strait Places. 

A 

20. The uses to which timber may be put in mining operations are multifarious. In almost 
all circumstances timber can be used for the purpose of barring off water, and it makes the most 
effectual barrier if only set out in a proper way. The reason so many persons fail in utilising their 
timber to the greatest advantage is because of their insufficient knowledge of its capabilities, or 
because the work is not prosecuted in a careful and intelligent manner. In using timber for 
stopping water the workmanship must necessarily be executed with the utmost care. Fig. 16 
shows how to proceed in certain cases, but the idea is capable of many modifications. The adaptation 
of this method must depend on circumstances, and it needs but little inventive power on the part of 
the operator to develope or modify the idea to the requirements of any emergency which may arise. 
Fig. 16 A represents the front elevation of a coalmine, with its roof and floor a, and the upright 
b b, and horizontal timber b, let or worked into the same. It also shows the front end of a 
cast-iron pipe which goes through the stopping, and about 3ft. to 4ft. into the solid coal e. It is 
well corked with tarred hemp about two-thirds of the distance on the exterior, and the remaining 
part of the exterior of the pipe is well and closely filled with deal wedges. There is also a manhole 
or loophole left by which the workman can escape after having completed the wedging on the back side 
of the veitical and horizontal timber f. B represents a bird’s-eye view of the barriers, with a space 
made in the coal behind the manhole, for the purpose of holding the last closing-up block g, while 
the wedging is being completed behind the main blocks. When this is accomplished a strong chain 
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should be fastened to the ring bolt of the last filling-up block h. The person appointed to do this 
work should then retreat through the loophole, dragging the block into the hole, where it is held 
quite firm until all the wedging of the face of the blocks is completed. Fine-pointed pitch-pine 
wedges should be driven into the ends of these blocks as long as it is possible. C represents a side 
elevation of the harrier, let into the roof and floor of the mine, with the back part butting against 
the coal, roof and floor. 

21. I once used a barrier of this description when driving up inclines in a mine that formed 
an angle of 40°. I knew that there were old workings on the rise full of water, but could not 
ascertain the distance to them. After driving about five hundred yards I directed the men to put in 
a stopping like the one described in Fig. 16. We fixed a cast-iron pipe through this stopping into 
the solid coal several feet d. We left a small space round the exterior of the pipe to allow for 
corking and wedging. We corked one part, round the pipe, with tarred oakum, and filled up the 
remainder with deal wedges. At the outer end of this pipe we attached a strong water tap, so that 
in case we should tap any water we might be able to shut it off until it was convenient to drain it. 
We fixed two pulleys on upright props for the boring-rods to work on i. When boring we 
adjusted the pulleys and cast-iron pipe to the inclination of the mine, and worked the boring rods 
on these pulleys through the cast-iron pipe j. According to the information we received from the 
old colliery plans we were about thirty yards from the old workings when we commenced boring 
hut we bored over one hundred yards, keeping in the coal all the way, but found no old workings. 
We had several very small streamers of water in the bore-hole, which tended to keep it clear of dirt 
and borings. After proving by this means that there was so much coal on the rise side of us, the 
company was advised not to tap the water, but to leave sufficient rise coal for a future rise pit 
instead of running this rise coal down the long brows and having to contend, in addition, with the 
water in the deep workings, and afterwards, when the deep workings were finished, to run the rise 
water into them. Not knowing when we commenced boring that we should have to travel so far, 
we started with two men, hut as we advanced we kept adding an extra man, until at last we required 
six men. It took three weeks to bore the hole, and the cost was about 2s. per lineal yard. As we 
did not tap the water we had not an opportunity to test the quality of this stopping, but I have 
bad other opportunities of doing so, and have found it to stand very great pressure, and I have not 
the least doubt that this stopping, in the case referred to, would have been capable of withstanding 
several hundred pounds pressure per square inch. The pressure of a column of water of the length of 
any colliery shaft in existence may he resisted by increasing the length of the blocks h, and finishing 
them in a workmanlike manner. There should be a layer of tarred flannel or brattice cloth between 
the timbers and the roof, floors, and sides of the mine. All timber and wedges should be put in as 
dry as possible. The cutting of the space for the barrier referred to in Fig. 16 was first done with 
fine-pointed picks, and then the sides were dressed with pick-axes, to give a smooth surface for 

the timber to butt against. 






Illumination. 


1. Safety lamps. — 2. Electric light. —3. Difficulties of illumination by electricity.—4. The electric light may not prove 
beneficial unless accompanied with certain precautions.— 5. The Davy lamp.—6. Royal Commissioners on the lamps 
of Davy, Olanny, and Stephenson. —7. The lamps which the Commissioners commend.—8. Gray’s lamp. 

9. Mareaut’a lamp. —10. The Mucsolor lamp.— 11. The lamp most highly commended.—12. Deductions from the 
final report of Her Majesty’s Commissioners. —13. No useful lamp absolutely safe.—14. The Fleuss lamp— 

10. Further objections to lamps.—16. Open lights. —17. Royal Commissioners on open lights.—18. Advantages of 
open lights.—19. Examining the mine for gas. 

1. How to secure a good light, with perfect safety against explosions from gas, in coalmines, 
is a question which has for many years engrossed the attention of the greatest scientists of Great 
Britain and the Continent. Hitherto, many experiments have been tried, but have failed to secure 
perfect immunity from accident. The most that, can be said of past inventions is that they have 
tended to minimise the risk of life. To my mind, most of these experiments have proved abortive, 
because too much attention has been given to one part of this great and important question. The 
genius of the scientific world has spent itself in trying to increase the illuminating power of safety 
lamps, to the neglect of the natural difficulties which inevitably arise from the manner of working. 
If the same amount of thought had been given to the natural laws of ventilation, which is so nearly 
related to that of illumination, I feel certain that many of the sad results which have been so much 
deplored by society at large might have been avoided. It is utterly impossible, I do not doubt, to 
invent any lamp which can he pronounced perfectly safe, under the present method of breaking up 
tne mines so as to retard ventilation and make the workings replete with gasometers. The relation 
between lighting and ventilating a mine is so close that it is with difficulty they are separated, but 
as ^ is the custom in the present day to do so, I will endeavour to follow the same course. 


Electric Light. 

2. The enormous advances which have been made in the science of electricity in recent times, 
has awakened in the public mind a feeling that it is highly probable that before long it may he 
applied to coalmines for the purposes of illumination. The Royal Commissioners, in their final report, 
refer to the subject, and indicate most clearly tire extent to which this idea had impressed them’ 
When entering upon their investigations they report to Her Majesty that “ one of the first questions 
winch presented itself to your Commissioners as worthy of the most careful consideration was 
whether electricity could he made subservient to the safe and efficient illumination of main ways and 
working places. At the time when we entered upon our labours, there appeared great prospect of 
a very speedy and extensive adoption of electricity as an illuminant, and although the development 
of its application has not. been so rapid as was then anticipated, the substantial progress which has 
been made, not only in the application of the electric light, to the illumination of public buildings, private 
houses, and open spaces, hut also in its utilisation to special purposes, of great variety in character and 
magnitude, may appear at first sight to warrant the conclusion that the exercise of some little skill in 
the adaptation of existing appliances, is alone needed to bring to a successful issue the safe, effective 
convenient, and economical adaptation of the electric light to the purposes of the miner. A little con¬ 
sideration of the subject, however, soon convinced your Commissioners that, while the illumination 
b\ electricity ol the pit bottom, and of the adjacent main roadways within a limited area, presented 
no serious difficulties, the possibility of safely extending a system of conductors and lamps to any 
considerable distance into the interior of the mine workings was open to serious question, and the 
provision ol the miner with -an electric light which he might use safely, conveniently, and effectively 
at the walking place involved practical problems not easy of solution,” 
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3. The difficulties referred to in the above quotation hav§ been put very concisely, and as 
the conclusions ot the Commissioners will hardly be called into question, I have thought it advisable 
to summarise them for the benefit of those persons who may not be familiar with their report: 
(l) “The liability to fracture of even very well protected conductors, if directly exposed to a fall of 
coal or stone, and the consequent risk of the production of a spark discharge at the point of rupture, 
at a time when there is a special possibility of the liberation of gas at the seat of disturbance, con¬ 
stitute a source of danger so serious as to preclude the possibility, with any regard to safety, of 
supplying sufficiently light conductors to be at all manageable in the vicinity of working places, or 
in any localities where they must inevitably be exposed, or where they have to foe shifted about to 
different positions, according to the local and immediate requirements. (2) The attachment of a 
glow-lamp, which is to be used by a miner in his working place, to a conductor which is armoured 
or otherwise protected to such an extent as to afford a prospect of its escaping injury from being 
trodden upon, or from a fall of coal, would render it quite unmanageable, and preclude its being 
available for providing any amount of useful light close to the face of the coal. (3) The liability of 
the men to trip over or become entangled in the conducting wires which connect the lamps 
with the main leads, and which, lying upon the ground, can be seen only with difficulty. An 
accident of this nature, we are informed, ‘ might cause the lamp to be brought into violent collision 
with the ground or other hard objects, or to be sharply jerked.’ In the former case, the lamp might 
be fractured, and this in the presence of an explosive gas mixture, might lead to disastrous results, 
as it has been demonstrated by experiment that if a lamp be broken under such conditions, while the 
carbon filament is still incandescent, the gas mixture may 'become ignited, even though the carbon, 
is almost instantaneously burned up when air has access to it. (4) A fail or violent jerk may cause 
the carbon filament to break or become detached from its supports, whereby tire light would be 
extinguished. (5) Attempts hitherto to invent a portable, compact, and self-contained electric lamp, 
which, would provide a light with uniformity and certainty ‘Tor the maximum period the miner 
remains underground," have proved failures. Some approaches, however, have been made to this 
desirable result. (6) The electric light in itself provides no means for indicating the presence of gas, 
(7) Lamps, with indicators attached, present the difficulty of being heavy, and too cumhemome and 
inconvenient for the practical purposes of the miner in the working place." It is clear, from the 
above report, that, up to the present time, the electric light has only been partially successful for the 
purpose of illumination in coalmines, and even, then it hag been under very exceptional circumstance 
In the near future it is quite within the range of possibility that it may be generally adopted for the 
purpose of lighting pit bottoms, large areas, and main roadways in the immediate vicinity of the pit 
bottom. But from the experiments which Her Majesty’s Commissioners have made. It la also clear 
that in the working places, where a good light is essentially necessary, it has been unsuccessfid. What 
the possibilities of this mode of ill umina tion may be, no one is able to predict; but I think I am 
justified in stating that, in face of such evidence as has been already given, it would be the height 
of credulity to believe that it is going' to supersede the ordinary methods of lighting in the imme¬ 
diate future. So far as the illumination of the working places is concerned, there are almost 
.insuperable difficulties to be overcome before it can he utilised for that purpose, or before electricity 
will command the confidence of the mining community of Great Britain... 

4. But suppose that , this method of ittnmination should ere long he made possible, and its 


applicatio n easy, experie aes 




me to believe that, without certain restrictions and 


precautions, it will not prove an ttnnsixed good. After along life spent in the moie, both as wgtIkiikw 
and manager, I am persuaded that the following points wili need, efficrJpBJ more and more trader 
such circumstances as are anticipated, on the introduction of the electric light into mines. I hat © 
noticed, whenever a light has been introduced into mining operations which was supposed to 
reduce the danger from explosions from, gas to a minimum, that, often danger has been increased by 
a corresponding neglect of ventilation. Both managers and men are apt to grow careless and 
inconsiderate by re Jon of a supposed immunity from explosion, and, consequenHy, while the risk 
on the one hand has been assumed to be reduced to a niinimuia, on the other It. has been Increased to a 
'mmmrnk Granted that human nature is much the « thing in all ages,, the transition from past 
experience to future probability is easy, and there is reason to. believe that should the electne light ever 
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become very general in our mines there will be danger still, if its introduction is not attended by 
necessary restrictions. Here again we stand face to face with the fact once more, that whatever 
system of illumination is adopted in the proper ventilation of the mine lies the key to a perfect 
solution of the difficulty. But there is a strong presumption in favour of the statement that 
electricity is not likely to take the place of the methods of lighting mines at present in vogue, and 
it may be that for years to come we may be confined to the system of lighting either by safety 
lamps or naked lights. 'That being probable, I propose to examine these two methods, and show 
under what conditions a good light may be produced with a minimum risk to life and property. I 
desire also to demonstrate the fact that the further we wander from the natural simplicity of 
naked lights, and the more complicated the system of lighting becomes, the more liable are we to run 
into needless danger and expense. In so far anticipating my purpose I am conscious that I lav myself 
open to the jeers of the thoughtless, who may regard my suggestion as “ old-fashioned,” but I am 
convinced that no honest-minded person, desirious of ascertaining the real facts of the case, will do 
me the injustice of prejudging my position before he has done me the honour to examine my plan 
in its entirety. This is all a fair-minded man can expect, and all I desire, for in my own mind 
I am persuaded that with such precautions as I name, and the adoption of the plan of working mines 
which I propose, it is possible to render mines perfectly safe from explosions, even when the naked light 
is used; and if there is, as is assumed, any real safety in lamps, then, under the system of working 
referred to, mines would be doubly safe and human life doubly secured. Bearing, then, these thoughts 

in mind, we will pass on to consider the history, development, and disadvantages of the so-called 
safety lamps. 

Safety Lamps. 

5. Early in the present century the system of protecting the light of the miner was sug¬ 
gested by a society formed for the purpose of preventing accidents in mines. Sir Humphry Davy, 
a celebrated scientist, was consulted, which led to the discovery and invention of the lamp commonly 
known as the Davy lamp. It may be well to notice in passing that the question of who was the first to 
introduce the safety lamp into mining operations has for a long time been a most perplexing one, 
and the honour of the invention has been divided between Sir H. Davy and the celebrated George 
Stephenson. Mr. Smiles, in his “ Life of George Stephenson,” has endeavoured to prove that a year 
before Sir H. Davy commenced his investigations, Stephenson was also employed in a similar manner, 
and so far succeeded that his lamps were for a long time used in Killingworth Colliery, where he was 
employed as engine-wright. Be that as it may, there can be little doubt that Davy is generally 
accepted as the first person who applied the principles of science to the subject, and originated the 
peculiarities of construction of the so-called safety lamp. On commencing his investigations, Sir H. 
Davy found that the gas required an admixture of a large quantity of atmospheric air to render it 
explosive. He next ascertained that explosions of inflammable gases were incapable of being passed 
through long narrow metallic tubes, and that the security was increased by diminishing their length 
and diameter at the same time, and likewise, by diminishing their length and increasing their 
number, he discovered that a great number of small apertures would not pass explosion when their 
depth was equal to their diameter. This led him to make many experiments in order to substan¬ 
tiate his suspicion. The principles upon which he proceeded have been described as follows : “ A 
very high temperature is required to maintain incandescence sufficient to produce ordinary luminous 
flames, and, hence, if the requisite temperature be not sustained, flame-giving light cannot be 
maintained. For example, if a copper wire be so twisted that it shall have a ring at one end 
of small diameter, and it be placed over a small flame, as that of a taper, the flame will cease 
to exist above the ring, simply because the latter abstracts so much heat as to reduce it below 
incandescence. The thickness of the wire determines the conducting power in respect to the 
diameter ; or, in other words, if the aperture be diminished the thickness of the wire may also be. 
If, therefore, a piece of fine wire gauze be substituted for the ring, precisely the same effect results. 
The metal carries off the heat of the flame, and therefore such a piece of gauze being placed on a 
gas flame will entirely stop ignition at its upper surface, although the unconsumed matter that 
passes through may easily be ignited on the upper side. The principle, therefore, of such an arrange- 
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ment is that of so cooling down the gas burning beneath, by the conducting power of the wire, 
that, on the outer surface its incandescence becomes impossible so far as it relates to ignition by the 
flame within the gauze.” Having, then, determined so much, he began to apply the principle in 
various ways. Trials were made on sieves formed of wire gauze, which confirmed him in his belief 
that if a piece of wire gauze was held over the flame of a lamp, or of coal gas, it prevented the 
flame from passing. He next proceeded to construct a cylinder of wire gauze, and found to his 
satisfaction, that the flame within, when confined by the wire gauze, would not explode even in a 
mixture of oxygen and hydrogen, but that the gases burnt in it with greater vivacity. The main 
difficulty surmounted, he constructed his so-called safety lamp. It consisted of a tube of iron wire 
gauze, about 1-5Oth of an inch in diameter, the apertures being about l-24th of an inch. The tube 
was well fastened, the lamp being screwed to the bottom of the gauze, and supplied with oil by a 
pipe projecting from it. A wire, bent at the upper end, was passed through the bottom of the lamp 
for raising or lowering the wick. Such was the first safety-lamp. When this crude production was 
lighted and introduced into an atmosphere mixed with fire-damp, it was observed, if the atmosphere 
was gradually effected, that the first indication of the fire-damp was an increase in the size of the 
flame. Gradually, as the fire-damp was increased, the cylinder was seen to be aglow with a blue 
flame, while the flame of the wick burned brightly within the blue flame, but as soon as the fire¬ 
damp was increased to one-sixth or one-fifth, it disappeared in the flame of the fire-damp. When 
the foul air reached the proportion of one-third of the atmosphere, it was discovered to be perfectly 
unfit for respiration. At the time of the invention of the Davy lamp, it was regarded as perfectly 
safe, hut as men gained experience in its use it became to be regarded with considerable suspicion. 
Notwithstanding its supposed safety, explosions were constantly occurring. Consequently, 
committees of investigation were appointed by the House of Lords, one in 1849 and another in 1852. 
The result was that supposed improvements were made in the construction of the safety lamp. 
Some were made with glass inside the wire gauze, some with glass outside, while others dispensed 
with the gauze altogether, admitting the air to feed the flame into a glass chimney with a copper 
cone, through perforations in a metal bottom. Since that time a variety of lamps have been tried, 
hut none have hitherto proved absolutely safe, nor altogether satisfactory in other respects. 

6. Referring to the lamps of Sir Humphry Davy, George Stephenson, and Dr. Clanny, the 
Royal Commissioners, in their final report, state that under certain conditions none of these lamps are 
safe. They affirm that C£ Davy pointed out that a gauze constructed of wire of given diameter and 
material, with given size of mesh, can only be trusted to arrest ignition in a current of an explosive 
mixture of fire-damp air the velocity of which bears some relation to the nature of the gauze ; if the 
velocity exceeds this particular limit, ignition of the gas mixture on one side of the gauze may he 
communicated to that of the other side, or, as it is ordinarily expressed, the flame may pass the 
gauze. At the time that Davy used his safety lamp the ventilation currents obtained in mines 
were, in general, very moderate—probably a velocity of 5ft. per second was rarely obtained even 
in main air-ways, and in the working places the motion of the air was very small. In such circum¬ 
stances the lamps of Davy, Stephenson, and Clanny were safe. Since then, however, the ventilation 
of mines has been enormously improved. At the present time current velocities from 20ft. to 25ft. 
per second are frequently produced in the main air-ways, the faces of long-wall workings are often 
swept by currents of from 10ft. to 15ft. per second, and even in stalls of pillar workings velocities 
exceeding 5ft. per second are met with. In special circumstances, as, for instance, when an 
opening is formed between two main air-ways, current velocities exceeding the largest above- 
mentioned may he now and then temporarily attained, and it is not impiobahle that lamps may 
occasionally be exposed to currents having velocities of from 30ft. to 35ft. per second. Moreover, 
as in the case of the opening above referred to, these specially powerful currents are liable to strike 
the lamps obliquely, and to form eddies round them, which are peculiarly dangerous when fire-damp 
is present in any considerable quantity. It results, then, from the impioved ventilation of mines, 
that if the current becomes sufficiently charged with fire-damp the Davy and Clanny lamps cease to 
be in any way safety lamps, and the Stephenson (Geordie) lamp may often cause an explosion. In 
another place the Commissioners state : ££ Under present conditions as to ventilation, the danger of 
relying upon the Davy and Clanny lamps seemed to us so great that we lelt it our duty, at an 
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early stage of our investigations, to address a letter to the Secretary of State for the Home Depart¬ 
ment, calling his special attention to the insecurity of these lamps.” Notwithstanding this 
insecurity, it appears, from the information collected by the Royal Commissioners, that until 
recently these lamps were most generally in use throughout the mining districts. 

7. The only lamps which the Commissioners deemed worthy of commendation are the 
following: Gray’s lamp, Marsaut’s lamp, the bonneted Mueseler lamp, and Evan Thomas’s modification 
of the bonneted Clanny lamp. Concerning the latter we are informed that it has given the best 
results. 


8. Gray’s lamp, which is in principle similar to an Eloin lamp, is so constructed that the flame 
is fed by air brought down four tubes, running nearly to the top of the lamp, and conducted into a 
small cylindrical chamber under the glass, through which it passes through a strip of gauze to the 
flame. The advantages claimed for this lamp are, (l) it yields a fair light; (2) the oscillation of 
the lamp at various angles does not affect the flame; (3) the flame is not affected by any sudden 
movement up or down in a vertical direction; and (4) it affords considerable security in explosive 
currents. The principal defects of the lamp, as pointed out by the Commissioners, consist in (l) 
danger to the glass from heat produced by gas burning at the cylindrical strip of gauze immediately 
under it; (2) in currents of low velocity the ignited gas heats the lower edge of the glass strongly, 
and in currents of high velocity a stream of ignited gas passes completely across the lamp from the 
windward side and plays on the glass on the opposite side, causing the glass to crack ; (3) the top 
of the lamp may be easily tampered with; and (4) the gauze at the outlet is liable to be obstructed 
by soot if the flame should smoke. 

9. Marsaut’s lamp is of the same type as the Clanny lamp. It is constructed with three 
conical gauze caps instead of a gauze cap as in the case of the Clanny lamp. These caps are made to 
fit closely together at their bases on the top of the glass, and gradually leave one another as they 
proceed upwards, These three gauze caps are shielded by a bonnet of sheet iron, with a diaphragm 
of gauze near its upper end, containing about 400 apertures to the square inch, and screwed on a 
flange above the glass. The air by which the flame is fed passes through a number of large holes 
near the lower end of the iron bonnet, extending nearly to the top of the copper band with which 
the outer gauze cap is terminated below. At the top of the bonnet, just above the gauze diaphragm, 
and immediately below the top plate of the lamp, are a series of large holes, through which the 
products of combustion escape. There are about 900 of these apertures to the square inch in the 
gauze of the caps. There is no provision made for preventing the bonnet from being removed. 
With two gauzes the illuminating power of this lamp is about two-thirds of a standard candle, but 
with three gauzes, the Commissioners found on experiment that it was equal to about half a candle. 
The Marsaut lamp with only two gauzes is liable to fail by passing the flame through the gauzes 
whilst the glass remains uninjured. By adding another gauze the safety of the lamp may be 
increased, but the illuminating power is thereby reduced. Complaints have also been made against 
the Marsaut lamp. We are informed by the Commissioners that it becomes more heated in con¬ 
tinuous use than an ordinary Davy or Clanny lamp, and these complaints are no doubt well founded, 
but, they add, the same objection applies to all safety lamps protected against the action of strong 
currents. The heated products of combustion impinge on shields or bonnets in more or less good 
metallic connection with other parts of the lamp, and consequently a considerable quantity of 
heat is conducted even to the bottom of the lamp. But it is only fair to state that the Commis¬ 
sioners were of opinion that this distribution of heat and the extension of the cooling surface is an 
element of safety, and can lead to no real difficulty unless a very volatile illuminant is used. Careful 
handling of the lamps will avoid serious inconvenience. 

10. The Mueseler lamp is constructed on a similar principle to the Clanny lamp, but differs 
from it by introducing within the gauze cap a central chimney to take off the products of 
combustion or the flame. The chimney is supported by an attached ring of gauze, fixed at its 
outer edge between the top of the glass and the bottom of the gauze cap. The air which goes 
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to feed the flame passes, under ordinary circumstances, first through the lower part of the gauze 
cap, and then downwards through the horizontal gauze ring or diaphragm. The inlet is thus 
obstructed hy two gauzes, the outlet only by one. The lower portion of the case surrounding the 
flame consists of a glass cylinder, and if this becomes cracked there is a possibility of an aperture 
being formed of sufficient size to allow the flame, or the ignited gas inside the lamp, to communicate 
so freely with the external gas mixture as to cause an explosion. Injury to the glass is to be feared 
not only from a blow, or hy careless use by which the flame is allowed to play directly on the glass, 
but also from the impact of cold water on the glass while the latter is in a more or less heated 
condition. In Belgium a Mueseler lamp, of which the form and dimensions are exactly given, is, hy 
royal edict, constituted the legal lamp for use in fiery mines, and workmen in such mines are only 
allowed to use lamps differing from this standard within certain defined and narrow limits as to the 
dimensions of the parts. The Mueseler lamps made in England are generally constructed with the 
bottom of the chimney much further from the wick than in the Belgian legal pattern, but the 
Commissioners state that by these modifications the security afforded seems to be diminished. The 
Belgian Mueseler is considered fairly safe in a current which strikes it approximately at right angles 
to its axis, and which is nearly uniform over the whole lamp, hut is unsafe in the case when the 
lamp receives the current obliquely. “As a general rule,” the Commissioners state that “if a bonneted 
Mueseler is exposed to a current with any velocity we could obtain, the gas ignites under the 
horizontal gauze diaphragm, and is speedily extinguished. It may, however, continue to burn, and 
in that case, as the lamp is ordinarily constructed, the glass is almost certain to be cracked in a 
short time.” The sources of danger and the disadvantages arising from the use of the Mueseler 
lamp may be summarised from the Commissioners’ report as follows : (l) The glass cylindei is easily 
cracked by a blow, by the flame playing directly upon it, or by the impact of cold water while in a 
heated condition; (2) there are difficulties to be overcome in maintaining at all temperatures 
sufficiently tight joints where the metal and glass parts meet; and (3) difficulties arising from 
combustion and a tendency to smoke the glass and impair the illuminating power. 


11. The lamp most highly commended is one constructed by Mr. Evan Thomas. This lamp, 
which is a bonneted Clanny lamp in principle, we are informed, is a most efficient lamp. I he 
experiments performed by the Commissioners led them to report as follows concerning it: The 
flame is bright and remarkably steady in the strongest air current we can produce. In an explo¬ 
sive atmosphere, moving with a velocity of 3,200ft. per minute, it showed no signs of danger aftei 
exposure of nearly eight minutes. The gas continued to burn in the gauze cap, and a portion of 
the gauze quickly became red-hot, but its temperature appeared to be considerably below that 
required to ignite the gas mixture. With current velocities down to 400ft. per minute the gas 
always burned continuously in the gauze, but the latter did not become visibly hot until the 
velocity approached 1,600ft. per minute. The lamp flame was in all cases extinguished m the 
gas mixture in a few seconds.” The lamp as we have already stated is a bonneted Clanny lamp, and 
has within the bonnet a brass tube, one inch high, which fits the mam gauze cylinder closely. To 
the upper end of this tube is attached a horizontal brass flange extending nearly to the bonnet, so 
that an annular space, only one-sixteenth of an inch wide, is left between the edge of the flange and 
the bonnet. The air having entered the bonnet through horizontal slits near its lower end, passes 
through this annular space into the gauze cylinder and descends to the flame. The products of com¬ 
bustion escape through holes near the top of the bonnet, which are protected by a shield fixed in 
the bonnet. The main gauze cylinder is provided with a cap. The flame, it is added, is scarcely 
affected by violent oscillations of the lamp or by rapid motion up and down in a vertical direction, 
and it is not extinguished hy inclining the lamp until the latter is nearly horizontal. 


12. Such are the descriptions of the four lamps by the Commissioners, and the various 
results obtained by them from their experiments and investigations, from which the following c e no¬ 
tions may be made : (1) That there is no lamp regarded by them as absolutely safe. (2) a 
the greatest care must he exercised in the use of them. (3) That, as mines are at present worked, 
the slightest mistake or inattention may result in the most terrible disaster. (4) That a really 
efficient safety lamp should satisfy the following conditions at least: (a) The source of light vvi an 
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the lamp should be unable, under any circumstances at all likely to occur in working coal, to cause 
the ignition of an inflammable mixture of fire-damp and air when this is passing at a high velocity; 
(. b ) that the lamp should yield during an ordinary working day a sufficient bright and steady light 
even when exposed to a strong current of air. (5) As a mattei of fact theie is no lamp which 
fulfils absolutely these requirements. (6) That if a lamp is extinguished in ordinary use a consi¬ 
derable loss of time is often involved in taking it to a station where it may be safely relighted, thus 
presenting a strong temptation to the miner to provide himself with means of obtaining a light in 
his working place, where a dangerous quantity of gas may be present in the air. (7) It is essential 
that the miner should be provided by some means of detecting the presence of gas in the air, that 
he may receive timely warning of the alterations in the atmosphere of the mine. (8) That no lamp 
at present provides such facilities. (9) That if the lamp presents a good light it is reduced in its 
power of safety, and vice versa. The lamp which is considered the safest is generally ineffective as 
an instrument of illumination. (10) That as more accidents occur annually from falls of 
roof and sides, it . is necessary that the miner be provided with a lamp sufficiently strong 
to aid him in discerning cracks in the roof. This is almost impossible. (11) That 
despite all precautions, men will, in moments of thoughtlessness, resort clandestinely to 

expedients for increasing the illuminating power of their lamps or of opening them if 
practicable, for other purposes. (12) That lamps are liable to be broken in various 

ways—by blows, falls, by the flame playing on the glass, or by the oscillation of the lamp, or by the 
movement of the lamp by a sudden jerk, either upward or downward. (13) The Commissioners 
referring to the investigations of M. J. B. Marsaut, state that in his work entitled “ Etude sur la 
Lampe de Surete des Mineurs ” he has drawn attention to a source of danger attending the use of 
certain safety lamps in a still atmosphere which had not previously been investigated. “ When a lamp 
is raised into a cavity containing pure gas, or air mixed with a large proportion of gas, the flame is 
speedily extinguished if the lamp is allowed to remain in the highly-vitiated atmosphere, but if the 
lamp is quickly lowered again into comparatively pure air the extinction of the flame may be 
prevented. In thus raising a lamp into gas—especially if the lamp is constructed to draw the 

air for the maintenance of the flame into the part of the lamp above the flame—the upper part of 

the lamp will become filled with a mixture of gas and air containing too much gas to be exploded 
oi even inflammable. When the lamp is lowered into pure or nearly pure air this gas mixture 
will become rapidly diluted with air and so become inflammable. It is therefore possible that the 
greater part of a lamp may,, by this process of raising and lowering, become nearly filled with a 
highly-explosive mixture without the flame being extinguished, and explosion inside the lamp must 
then follow. The intensely-heated gases (or vapours) resulting from this internal explosion 
necessarily undergo considerable expansion, and a portion must pass out of the lamp through the 
gauze with a velocity which increases, for a given volume exploded, as the area of the gauze 
decreases. If, then, its area, m a lamp of given volume, is sufficiently restricted, the heated 
gas will pass out so rapidly that the gauze will be unable to cool it below the temperature at which 
an explosive mixture will ignite. Supposing this event to happen when the gauze is surrounded 
by the inflammable mixture of gas and air which must exist near the mouth of the cavity, this 
mixture will become ignited, and an explosion will be produced outside the lamp, which may be 

(I4j Lamps are expensive, and (15) sometimes complicated and 


attended with serious results 
unduly cumbersome, 
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feet integrity, and that it is entirely unsuited for regular use in a pit. The reference to this lamp, in 
the final report of the Commissioners, is to the following effect: Lamps furnishing an excellent 
light have been devised, which are entirely independent of the surrounding medium. As, for 
instance, the lamp invented by M. Fleuss may be mentioned. The source of light in this case is a 
cylinder of lime, maintained in an incandescent state by a spirit-flame fed by a stream of oxygen 
derived from a reservoir containing that gas under considerable pressure. The lamp is completely 
surrounded by a water jacket, through which the products of combustion escape by a properly 
arranged valve. Such lamps are, of course, absolutely safe so long as they remain uninjured, but 
they are, necessarily, somewhat complicated and costly. They require an expenditure of much time 
and trouble in preparing them for use, and they are either heavy or are difficult to move in 
consequence of being connected with a gasholder. The lamp of M. Fleuss has been of the greatest 
service in entering a mine after an accident has occurred, and lamps of this type may he most 
valuable aids in certain operations of special difficulty and danger, but they are entirely unsuited for 
regular use in a pit. The breaking of a glass of a Fleuss lamp, during its use for exploring purposes 
in the Usworth Colliery, Durham—an accident which has been variously accounted for—points to the 
necessity for its being only employed by specially trained men, the perfect condition oi the lamp 
having been previously ascertained by careful inspection. This lamp, therefore, is excluded fiom out 
consideration by this declaration of impracticability in the ordinary operations of the mine. 1 he 
absolute safety of these lamps would appear to be but varying degrees of unsafety, and 1 have 
little hesitation in stating that their supposed safety has been the means ol fostering a great 
popular delusion and tlie cause of disaster. 


15. To the preceding objections, taken from the final report of the Royal Commissioners, I 
would add the following: (1) As the power of illumination is admitted to be inadequate to the 
requirements of the miner, who has to work under great disadvantages as the result, he is tempted 
to resort to all kinds of expedients to increase the illuminating power of the lamp. The miner, 
feeling that a good light is necessary to the successful performance of his operations, cannot rest 
satisfied until he has tried every secret method that human ingenuity can invent to produce it. Hence 
enormous risk is run, and under circumstances which are admitted to be dangerous even when the 
utmost caution is exercised in the use of a lamp. The Royal Commissioners state that they have 
good reason to believe that the practice of surreptitiously opening safety lamps m the workings is 
much less prevalent than formerly. I sincerely hope that they have not been misled m making such 
an important statement, and that it is true, but I am reminded that there are many other devices 
which are practised, quite as dangerous in the present system of breaking up the mines by 
ignorant, thoughtless, or foolhardy workmen. (2) The ways in which lamps may be impaired are 
innumerable, and no Act of Parliament can provide against all the. causes No precaution can 
always ensure perfect safety or immunity from accident when the gas is hoarded, as ^genera y ie 
case as mines are now worked. In such circumstances the accidents arise m a perfect y natma 
manner, which no ordinary prevision could possibly anticipate unless the whole system of working 
is changed. Further, after all the scientific investigations which have during the past decade been 
made lamps still go out in a body of gas or are broken by unforeseen accidents, and the men are 
either blown to pieces by an explosion or immersed in total darkness. The latter condition is.attended 
by at least two very serious evils : (1) The men will anticipate this possibility, and provide them¬ 
selves with the means of obtaining a fresh light, or (2) being immediately immersed in total darkness 
they are left in the utmost danger, to grope their way as best they can. Thousands ol men have lo 
their lives from this cause. To obviate this difficulty, the Royal Commissioners have recommended that 
at convenient places near the working faces reserves of lighted and locked lamps be kept available 
for those extinguished in the workings. If lamps are indispensable, this may prove to some extent 
t hrvaluahle aid to the men, if it can be proved that all the men are.equally 
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enough removed from the possibility of being affected by such causes, the men would find it incon¬ 
venient, and consider it a loss of time in securing another light from the reserves. Hence, in time, 
with a fair immunity from accident, the men would become quite as inconsiderate and foolhardy as 
at present, and exactly the same temptation would present itself to them to provide themselves 
with means to secure another or a better light. (3) As it is, therefore, impossible to render mines 
perfectly safe from explosions by using safety lamps or caged lights, if gas is present in certain pro¬ 
portions, or if the merest accident should occur to impair or break the lamp, it is reasonable to raise 
the question : Is it possible to secure perfect immunity from explosions by improving the ventilation 
to such an extent as to make it possible to use open lights with impunity ? I reply that I believe 
it is; but such a desirable result can only be effected by laying out the mine and working it in such 
a way as to make it practicable. 

Naked Lights. 


16 . There can be no question that under certain circumstances there is much more advantage 
to be derived from the use of naked lights than lamps or caged lights. It is a matter for 
congratulation that the Royal Commissioners have inserted, at least, one saving clause in their final 
report with respect to the advantages to be obtained by this means of illumination. They are 
clearly of opinion that naked lights are not to be hastily prohibited. It may be well to observe the 
caution with which they have clothed their opinion. They state :— 

17. “It may be that risks of explosion arising out of the possibility of an unforeseen 
contamination of the air by fire damp to a dangerous extent in parts of the workings of some coal¬ 
mines, can only be provided against by the invariable use of safety lamps. We have not , however, 
considered it advisable to make a suggestion of this nature, because the great preponderance of 
casualties due to falls of stone and coal over those arising from explosions , points to the importance 
of miners having the advantage of the superior illumination afforded by naked lights in comparison 
with even the best forms of safety lamps , when the circumstances of the mine , in regard to the 
association of fire-damp and coal dust, do not necessitate the use of safety lampsf A momentary 
consideiation of the above quotation will convince the reader that the safety of any light depends 
more upon the sunounding circumstances than any intrinsic merit it may possess. Safety or 
immunity fiom explosion arises from the natural environment of the mines and working places 
rather than the protection of the light used. If the mines can be cleared of the explosive mixture 
there is no other reason why open lights should not be used. The utility of such lights is generally 

accepted, where the conditions of the mine are such as to sanction their use and make their action 
absolutely safe. 


18. Much might be said in favour of such lights for mining purposes, but I will confine myself to 
the consideration of those advantages which are apparent to everybody. (1) Open lights are nreferable 
because of their illuminating power. (2) Cracks in the roof and sides are more easily dLerned by 
their aid. (3) If a light by any means should be extinguished, it is possible to obtain another 
without much inconvenience or delay. (4) The smallest quantity of gas in the atmosphere of the 
mine is immediately detected, and consequently the miner receives timely warning. (5) Such 
ug'its are more readily extinguished, when necessity arises. (6) Open lights are inexpensive. 

V } r\ 1 [l f ts ma 7 be used, with the necessary precautions for testing the presence of gas, with 

consi era e facility, if the mine is worked on proper principles, and the workings are set out in a 
proper and systematic manner. 

19. When examining the mine to see if there was gas present in any of the working places, 
always found that the smallest percentage could be detected. For instance, the presence of the 

sma lest quantity of gas is first indicated by a cap on the flame of the candle. The first appearance 

. “ cap IS °, a h « ht colour > ‘wo inches long; as yon advance into the body 

° f *“ the Cap W1 " aSSUme a ‘« ht blue three inches in length ; and the further you proceed 
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the darker this blue cap will become. I have noticed when the air has been mixed with black-damp that 
the cap would extend itself to between five and six inches in length. This dark-blue cap denotes 
the firing point, and becomes the signal for an immediate retreat. When this occurs there is 
generally about 7 per cent of gas present. When searching for gas no one should on any 
account proceed further after the light blue cap has made its appearance, and any man wishiug to 
take the most ordinary precaution should retire as soon as the brown cap is recognised. In all 
these trials, as mines are now worked, the utmost care ought to be exercised, especially in thrills 
and narrow working places. There are no mines which give olf that amount of gas from the solid 
coal but that it may be cleared away by ventilation. (For illustration of the different caps referred 
to above see Fig. 1.) It may appear rather risky to advocate the use of naked lights so strongly 
after the correspondence which has taken place in the public prints upon this important question, 
nevertheless, I feel that much remains to be said, and still more to be done by our Legislature in 
insisting on mines being worked as they should be; and with properly-constructed mines I am fully 
persuaded that naked lights may be rendered quite safe. I do not desire to be misunderstood. 
What I contend for is not the introduction of naked lights in mines unless they are first 
prepared for their reception and adapted for their use ; and I maintain, after an experience of more 
than fifty years in all kinds of mines, that it can be done, and that ere long it will be fully recognised 
and accepted by all concerned in mining operations. In another chapter I have described the 
conditions under which it is perfectly safe to work with open lights. 



i 


CHAPTEE XI. 


Ventilation. 

« 

1. Sad results of inexperience.—2. Natural laws and principles affecting ventilation.—3. Natural ventilation.—4. How currents 
are formed or circulation of air-effected.—5. Laws affecting the circulation of air in mines.—6. Friction caused by 
rubbing against top, bottom, and sides of air-ways.—7. Ventilating Furnace.—8. Steam jets.—9. Ventilation by 
water.—10. Fans.—11. Ventilation of mines on proposed system of working. 

1. The subject of ventilation in coal mines is worthy of the earnest and most serious 
consideration of all students of mining operations. Without an extensive and accurate knowledge of 
those natural laws which govern the ventilation of mines, no person, however clever and trustworthy 
in other respects, ought to be allowed to take the responsibility of managing a pit. The difficulties 
sometimes experienced by men of extraordinary ability, in conducting sufficient air through the 
working galleries, are known to everybody presuming to possess the slightest knowledge of the 
requirements of a mine, and the baneful results which have followed in the wake of inattentive and 
ignorant men, in the exercise of their duty as managers, are too well known to need description. 
During the last twenty years the ventilation of mines has been much improved. Still much remains 
to he done, and while I am compelled to admit that those natural laws which govern ventilation 
are becoming better understood almost every day by mining engineers, 1 am fully conscious that 
the knowledge of those laws is not worked out with the exactness and caution necessary to the 
varying circumstances of coalmines. We ought not to rest satisfied with anything less than being 
able to sweep the whole of the working places with a good current of pure air, and. the entire 
expulsion of any gas which will either affect the health and comfort of the workmen in the discharge 
of their duty, or make an explosion possible. “ The grand object of the ventilation of mines is 
to cause such a current of air to circulate through them as shall, by mixing with, and diluting the 
gases, render them harmless, and, in that state, carry them off as quickly as they are produced in 
the mines.” To effect this, then, ought to be the aim of all who have the interest of mining 
operations at heart, and when accomplished it will render mining comparatively easy, as many of 
the difficulties to be faced in other directions are always affected by the relation they bear to the 
ventilation of the mine. 

2. The natural laws and principles affecting ventilation must be studied in relation to the 
physical properties of the air and gases. It is necessary to bear in mind the following facts : (i.) 
Atmospheric air is a mixture of gases. It is composed of oxygen, nitrogen, and carbonic acid gas. 
Vapour is also present, but in a variable quantity. This vapour arises “partly from combustion, bur 
chiefly from contact with the surface of the sea.” (ii.) Oxygen gas is remarkable for promoting com¬ 
bustion, respiration, 01 bieathmg. (m. j Nitrogen will neither support combustion nor respiration 
and men .submerged into a body of it would die for the lack of oxygen, and not from poison, as is 
popularly supposed. Its principal use in the atmosphere, chemists tell us, arises from its tendency 
to “ subdue and modify the intense activity of its fiery colleague.” (iv.) Carbonic acid gas is present 
in the atmosphere only in small quantities. When this gas is found in mines it is known as choke- 
damp, or black-damp, and is a most poisonous gas. Mr. Atkinson states that “before being mixed 
with air it rests next to the ‘ thill,’ or floor of mines, owing to its great heaviness or density when 
compared with air. This gas, besides being given off naturally in many mines, is always found to 
result from the breathing of men and animals, the burning of candles and lamps, and mixed with 
other gases from the explosion of powder used in blasting.” In order to illustrate its deleterious 
effect upon health, and its deadly results, he refers to several very marvellous incidents. “ Near the 
mouth of an adit or drift at Butterknowle Colliery, in the county of Durham,” he says, “he has seen 
seveial small bn.ds lying dead from the effects of this gas. They had come to feed upon crumbs 
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where the workmen ate their meals, close to the mouth of this, an abandoned drift, and the mas 
coming out of the drift at the level of the ground had overcome them. At the same colliery, in 
several places where coal had been worked away, the ground had been rent up to the surface, and it 
is said that birds flying across these rents or pitfalls, in some instances, are so quickly affected by 
the escaping of gas as to drop into the holes and die there.” (v.) Atmospheric air is essential to 
human life, a fact which shows at a glance how necessary the ventilation of the mine becomes when 
it is remembered that hundreds of men besides animals have to work in it. The reason that human 
beings cannot live without it arises from the construction of the human body and the functions it 
has to perform. To show the physical changes which are constantly going on in the human 
body as the result of respiration, the physiologist points us to the various parts of the human 
frame and the relation they sustain to each other. It is stated that “throughout the 
human body, and extending to every part, is a beautiful, minute, and complete system of 
canals, or channels, for the passage of the blood. This blood in an ordinary man weighs 18lb., and 
the heart, like a great force pump, drives it through every part of the system along those canals. The 
pulse at the wrist marks every stroke of the pump, numbering from 60 to 70 per minute in an adult 
man, rather more in a woman, and from 130 to 140 in a new-born infant. These strokes are in 
greater number when we are standing than sitting, when we are sitting than lying down, and are 
increased by exercise and motion. At every stroke about 3oz. are propelled; and hence it requires 
about 96 strokes for every complete circle of blood, which occupies about 1^ minutes, at a pressure 
of 4lb. 3oz. per square inch, or a total propelling power of about 13lb.” The question then arises, 
what is the blood, which is propelled about 45 times every hour through every part of the body ? 
The answer to this question gives us a very clear view of the necessity of good ventilation. We are 
told that it is composed of the “ essence ” of the food taken into the stomach, and that there “ the 
evil is separated from the good, the useless from the useful, and, being absorbed by the blood, is 
conveyed by it to every part of the body for its repair and sustenance. The blood from the heart is 
sent through one system of canals called arteries, and is brought back by another system called veins. 
The arterial blood is of a bright red colour, and the venous of a dark purple. And so important is 
this change from arterial to venous that the blood which has once been subjected to it is not fit to 
pass again into the arteries until it lias been purified by exposure to air in the lungs.” Before we 
pass to the next fact in connection with the natural laws of ventilation it may be well to pursue this 
interesting subject a little further. We are informed that “when human blood is put under the micro¬ 
scope it is found to consist of two distinct parts—one a thin and nearly colourless fluid, and another 
of little yellow spots called discs, which have a diameter of from ^th to 4 iooth of an inch. So that 
in the blood canals we have millions of tiny vessels propelled swiftly along, and 
each one laden with particular kinds of nutriment ; but a principal part of the 
cargo outward bound is said to be oxygen. On the return voyage they bring back 
carbonic acid, or choke-damp, set free in the tissues and parts to which the blood has gone.” 
This gas, we have already seen, is most injurious to health, and m certain proportions causes 
suffocation and death, and as we are compelled to breathe, even if we remain still, and must have 
even larger supplies of air if we are to exercise ourselves at all, it becomes self-evident that the men 
not only run enormous risks in badly ventilated mines from explosions, but from an impure 
atmosphere. Such being the case, it may be well to mark how this unhealthy and vitiating 
atmosphere is increased by the respiration of the miners themselves. Atkinson says: A man 
breathes into his lungs about one-fifth of a cubic foot of air per minute, and converts about seven 
per cent, by volume, of this into carbonic acid gas, which, with about three and three-quarter times 
as much free nitrogen, he exhales, along with about 66| per cent of the air he breathes in an 
unchanged state.” The consequences attending an inefficient system of ventilation, so far as the 
men are concerned, who have to do the work of getting the coal, are clearly most distressing; never¬ 
theless, such a state of things really exists in some mines, even in the present day. This is permitted 
on account of what may be termed a false idea of economy. Times almost without number it has 
been demonstrated that the men are unable to do as much work as was demanded of them m 
consequence of the vitiated atmosphere in which they work. The men grow tired and weary before 
they have been long in the mine, and the work languishes because they have not sufficient air to 
breathe. Lassitude overtakes men and animals alike, and it lias been well said that the men . lem- 
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selves “never grow old, but die” for lack of an abundant supply of air. (vi.) Atmospheric ah, and 
indeed all gases, are impenetrable. Space filled with air or gas cannot be occupied by any other gas 
different from it without displacing the gas already filling the same space. Of course, 

gases may be mixed, but each gas leaves a space for the other to occupy, consequently, 

because gases may be so mixed, the fact of impenetrability has sometimes been over¬ 
looked. (Yii.) Another important property possessed by air and gases is known as inertia. 

This is a property it possesses in common with other material bodies. Inertia of material 
substances has been defined as “ unwillingness to move when at rest, or to change their 
speed or direction of motion when they are moving, without a force or resistance being applied to 
cause them to do so.” Wind is air in motion, which, as is well known, is reduced in speed by 
frictional resistance. The same thing pertains in ventilating a mine: the circulating current is 
retarded by the friction or resistance of the surface of the air-ways through which it passes, (viii.) 
Air can be compressed into less bulk. According to the law of Mariotte or Boyle, ‘ if we double 
the pressure upon air, without changing the temperature, the same air only fills one-half the space; 
if we treble the pressure, it only fills one-third the space, and if we apply four times the 
pressure it only fills one-fourth of the space, and so on, provided that the heat or temperature 
of the air remains the same.” (ix.) Air is elastic, so that whatever pressure it may be subjected 
to it will always spring back to its former volume when the pressure is taken off. (x.) Like 
other material bodies air can be weighed. J. J. Atkinson says: “ A tall column of air, one foot 
square, and of the full height of the atmosphere, weighs nearly one ton. Another column of the 
same height and one inch square weighs rather more than fourteen pounds. The weight of the 
atmosphere enables it to support a column of water nearly 34ft. high, or one of mercury nearly 30in. 
high; and this pressure acts equally in all directions—up, down, sideways, and, in fact, in every 
direction.” (xi.) Air may be expanded. It expands with heat and contracts with cold. An 
increase of temperature increases the volume. A vessel filled with air and exposed to heat, if not 
strong enough to resist the internal force caused by the expansion of the air, will burst, (xii.) The 
world is a globe “ enclosed in an atmosphere of air many miles deep. The surface of the earth is the 
bottom of this great ocean of air. At the surface of the earth the air is generally pressed by the 
air above it, and as we ascend the air becomes rarer or lighter,” so that it is computed to be at—■ 

3^ miles above the surface of the earth 2 times rarer. 
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3. With these facts before us we will suppose that we are sinking a shaft. From what we 
have already learned it will be inferred that the pressure of the surrounding atmosphere will fill it 
with air as we keep descending until we reach the bottom. If we now begin to drive in any direc¬ 
tion the same pressure will force the air up to the face, but there will be no circulation. Suppose, 
further, that we next determine to sink a second shaft from the same surface, exactly the same 
results will attend our efforts, and the air will keep pressing upon us as we descend, as in the first 
instance, but when we reach the bottom and a communication between them is opened, the two 
forces of air will meet each other. This being the case, there will be no circulation, because the 
pressure of the air in one shaft will balance that of the other. It follows, therefore, that there will 
be no movement in the air until the force of the air in one of these shafts be reduced. 

4. I his is accomplished generally in the following ways : (l) By compression of the air in 
the down-cast pit, (2) by expansion of the air in the up-cast pit; and (3) by pumping or exhausting 
the ah fiom the lattei pit. Thus a current of air is produced through the mine. The system of 
natuial ventilation is known to be piecanous and not always reliable. For instance, we are informed 
by the best authorities that “ if two shafts are sunk from different surface levels to the same mineral 
level, and communicated by a horizontal mine, there will be a movement, because the mean density 
of the two columns will differ.” This is a fact of considerable importance, and ought to be borne in 
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mind by all persons who have the management of mines and the regulation of the ventilation. 
“ Suppose,” says J. Hyslop, “ that the shaft temperature is higher than that of the outer air, and 
that one pit is 200 fathoms and the other 100 fathoms deep, the force in the former is made up of 
200 fathoms of light air, and the other of 100 fathoms of light air, and 100 fathoms of heavier air ; 
and, therefore, the deep shaft will be the up-cast.” In another place, referring to the variations of 
natural ventilation, he says : “ In winter the shaft air is warmer, and therefore specifically lighter 
than the outer air, which causes the deeper shaft to become the up-cast; but in summer the case 
is reversed, and it becomes the down-cast. At other seasons, when the temperatures are equal or 
varying, the current reverses, or becomes stagnant.” Mr. Greenwell is clearly of opinion that such 
ventilation “ is quite inadequate, not only on account of its feebleness, but on account of its liability 
to derangement by changes in the temperature of the atmosphere at the surface.” Artificial 
ventilation is therefore used to supplement those natural methods, which are not always trustworthy. 

5. Before proceeding, however, to notice in detail the artificial means used for ventilating 
mines, it is desirable that the laws which have been formulated by the greatest scientists affecting 
the circulation of air through the mine should be given. They have been compiled from the best 
authorities by Hvslop as follows :—(A) The volume assumed by a given weight of air is inversely 
proportional to the pressure on each unit of surface under which it exists, so long as the tempera¬ 
ture remains unaltered. (B) When the pressure is constant the volume is uniformly increased in 
the ratio of l-459th for each additional degree of heat. (C) When air is impelled through a 
confined passage the pressure or head of air column is proportional to the square of the velocity. 
(D) The pressure required to propel air through a confined passage is proportional to the 
length of the passage, other things being equal. (E) The pressure required to propel air 
through a confined passage is proportional to the perimeter, or surface area, of the passage, 
all other conditions being the same. Thus twice the pressure is required for a passage four feet 
square that would be required for another two feet square, the perimeter of the one 
being sixteen feet and the other eight feet. (F) The pressure required on each unit of surface 
(square inch or square foot) to propel air through a confined passage is inversely proportional to 
the sectional area of the passage. Thus, in the case of the four-foot and two-foot passages, 
while the former would require double the amount of pressure for its double-sized perimeter, 
that pressure would propel four times the quantity; or, otherwise, the same expenditure of power 
on the air in a four-foot passage would propel double the quantity it would force through a two-foot 
passage, or an equal quantity would be propelled by half the power. (G.) The pressure required to 
overcome the frictional resistance encountered by air in a confined passage varies with the nature ot 
the passage: in other words, the smoother the rubbing surface the less resistance there will be. 

6. Mr. J. J. Atkinson, in his valuable little work on “ General Principles of Ventilation, says . 
« Friction arising from the air rubbing against the top, bottom, and sides of air-ways, is really the 
greatest obstacle to be overcome by the ventilating pressure or power; the force required to put the 
air into motion, apart from friction, being very small in comparison, at least m a large majority of 
cases, particularly in coal mines.” In another place he adds : “ The amount of ventilation m mines, 
and, therefore, the safety, health, and comfort of the workmen employed in them, depend almost 
entirely upon the amount of friction that the air meets with under any mode of ventilation we 
may employ; and hence the great importance of understanding the general laws and principles 
upon which the friction of air in mines depends, so that we may know how to reduce such friction 
to its lowest possible amount, and by this means obtain the greatest quantity of air from any 
ventilating power we may employ.” The wisdom of these words must be apparent to everyone. 
We pass now to notice some of the artificial means which have been employed for increasing t ae 
circulation of air through the galleries of the mine. 

7. Foremost amongst the artificial means used for this purpose is the ventilating furnace. 
This furnace is so constructed and situated as to strengthen the natural current by imparting mat 
to the up-cast column, and by that means decreasing its density. The principle ot action is t ms 
described : “ When any volume, by contact with the fire, is thus lightened, it is no longer able to 
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resist the pressure of the volume behind, and is pushed forward into the up-cast shaft, so that no 
sooner does any portion of the current come over the fire than it is pushed beyond it; and the moie 
quickly and the higher the temperature is raised, the greater will be the velocity of the stream and 
the larger the quantity of air put into circulation.” I have drawn a plan of a double furnace 
calculated to do most efficiently the work required in ventilating the workings by artificial means. 
The whole length of each furnace (shown in Plan VIII.) is 12ft. They are well adapted for 
burning the smoke or any kind of inferior coal, and there should not be the slightest difficulty 
experienced in working them with light steel rakes and pokers or other contrivances. The arches 
over the furnaces are made of fire-clay blocks, 18in. by 9in. by Gin. These blocks are very 
convenient to change when broken or worn out, and can be replaced in a few hours by having an 
arch over the furnace arch, constructed of old rails or any kind of strong iron bars. These will keep 
the roof above always in a good condition, and will leave a good cavity between them and the fire¬ 
clay brick archway. With side roadways and good cavities over the furnace archways, it is 
impossible for the strata to take fire. 

8. Another system is to apply jets of steam near the bottom of the up-cast pit. By this 
means the air is rarified. This system, it is generally believed, was first tried by Mr. Goldsworthy 
Gurney, in 1835, and was supposed by many, at that time, and immediately after, to combine all the 
virtues of a ventilating furnace without the risks which were constantly run of explosions in fieiy 
mines by the ignition of currents highly charged with gas. The admirers of steam jets were, for a 
time, most infatuated with them, but subsequently were convinced that they were not nearly so 
effective as the furnace. Mr. Atkinson says : “ By an elaborate series of experiments their effects 
were found to be far below that of furnaces, and the cost to be very great; the idea of their 
utility for ventilating mines was therefore abandoned. . . . There are, no doubt, temporary and 
peculiar circumstances under which steam jets may be useful in the production of ventilation, such 
as cases where it is either unsafe or impracticable to use ordinary furnace action.” 

9. A third method in use for increasing the ventilation is by water. Mr. Greenwell, with 
water from two holes an inch in diameter, falling 126 yards, obtained, it is said, 8,394 cubic feet 
per minute, but as Mr. Atkinson has well said, “ as the water has, for the most part, to be raised 
again from the mine, and as the effects produced are small, in proportion to the power employed, 
this mode of ventilation is seldom used, except where furnace action or other means are necessarily 
excluded. As collieries are now worked it would, in case of emergency, be very easy and simple 
to have at the top of all down-cast pits some preparation for a good supply of water always in 
readiness, and at the top of the up-cast pits a system of steam jets. By this arrangement 
immediate ventilation could be obtained in case of an explosion. This could be readily secured by 
sending a good flow of water down the down-cast pit, and setting the steam jet in motion at the 
up-cast pit. 


10. Fans are also used in some mines, and I consider that for the ventilation of mines the 
best method that can be adopted is to erect a furnace (such as is described in Plan VIII.) for deep pits 
and a fan for shallow pits. 

I I. The method of ventilating a mine on my system of working is fully shown in the plans 
illustrating Chapter VIII. The directions of the air currents are all marked by arrows. On this 
system of working sufficient ventilation can be procured to supply air for the breathing of men and 
horses, burning of lights, for “ sweeping away the products of breathing and combustion, for the 
removal of the gaseous results of blasting and the decomposition of vegetable and animal matter,” 
and for the perfect dilution and carrying away of all gases “exuding from the coal” or gobs, so as to 
render it perfectly safe to work with open lights if but ordinary precaution and care be taken. 


CHAPTEK XII. 


Faults. 

1. Faults and dykes.—2. Dykes.—3. The origin of faults.—4. Faults not always opposed to mining interests.—5. The 
evil result of faults.—6. How to find the coal when it is thrown either up or down.—7. How to tell when dykes 
are ahead.—8. Signs to be observed in approaching faults.—9. How to deal with the different kinds of faults.— 
10. Explanations of illustrations. 

1. One of the greatest difficulties with which the miner has to contend arises from what are 
known as dislocations, “ faults,” “ dykes,” “ slips,” “ troubles,” “ hitches,” &c. It has been stated by 
the greatest authorities, and the most experienced in matters pertaining to practical mining, that it 
is “ impossible for those unacquainted with the obstacles incident to all kinds of mining to estimate 
the amount of skill, perseverance, courage, and capital required in all cases” to deal successfully 
with these difficulties. A fault in a coalmine consists in a break in the continuity of one or more 
seams of coal, one part of which may he raised and the other thrown down. (Fig. 1.) This figure 
represents a fault. It will be seen that the seams are divided by the interposition of a crevice 
marked E E. This crevice in faults is often filled with some soft material such as clay, pounded 
earth, crystalline bodies, as quartz, aragonite, &c., and some times the crevice is hardly noticeable. 
Again, a little study of Fig. 1 will convince the student that there is a strong presumption in favour 
of the statement that these seams, so far removed from one another, were at one time continuous 
seams, which by some powerful cause have been broken asunder and separated some distance the 
one from the other, for on referring to the illustration (Fig. 1) again it will be seen that on both sides 
of the crevice E E, or line of division, the dip is of the same inclination with the horizon. Befoie 
the continuity of the strata was broken it is highly probable that a a, b b, c c, and d d were in the 
same straight line. 

2. Another class of fault is known by name of dykes. These faults are commonly supposed 
to consist of molten matter, which has been driven through the coal strata by some enormous force 
from beneath, and are far more serious and difficult to contend with, sometimes, than the faults 
just referred to. This arises from the hard nature of the material which has been interposed, and 
which separates the coal, and from the thickness these dykes sometimes assume. The reader will 
readily understand the force of this difficulty when he is told that there is one dyke in the Durham 
district which is no less than from ten to twenty yards wide, and runs at least seventy miles, and is 
of unknown depth. Of course, this may be regarded as an exception, but it will, nevertheless, help 
the student to appreciate the difficulties which have sometimes to be faced by the miner when he 
comes in contact with such upheavals. 

3 The origin of faults has been attributed to various causes. An authority in geology has 
referred to the question and enforced his conclusions by the most interesting data. He says : 
“ The most important phenomena connected with the coal formations are the numerous faults and 
disturbances which occur. There are few who have not noticed, in passing through mountainous 
countries, the different positions in which the beds of rock or strata he; they may be observed on 
nearly every inclination of dip from horizontal to nearly vertical. Sometimes they are even 
contorted into ribbon-like forms. These positions of the strata tell us plainly that Plutonic forces 
have been at work during an incalculable period of time-either by a gradual uplifting or by a series 
of sudden jerks—to give to them their present appearances; and these processes of upheava are 
going on at the present time. The coast of the Baltic, along Sweden and Norway, is being gradually 
upraised at the rate of about 3ft. in a century, and has been thus rising for many thousand years. 
The coasts of Greenland, however, are being gradually submerged at the same rate. In 18- tie 
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West Coast of South America for about 100,000 square miles was raised in some places 3ft., and in 
others 7ft., in a few hours. The plains of Josulla in 1759 were upraised nearly 1,700ft. in the 
course of a single night; and in the earthquake of Calabria, in 1783, the whole of the surrounding 
country was convulsed, crevices were formed in the ground, some of which were 500ft. or 600ft. in 
width, and in some of the clefts one side sank below\ the other to a considerable depth, as we often 
find in the case of faults. These are forces which may be called extraordinary ones, but still they 
occur far more commonly than is generally supposed. Thus it is known that on an average more 
than 600 earthquakes take place in each year; and of this number about three in two years, or one 
every eight months, has been called a great earthquake, by which is meant those in which whole 
cities and towns, or large portions of them, have been reduced to rubbish, and many lives lost. 
Probably there is not a spot on earth which is truly at rest; the whole is in a state of constant 
oscillation, now uprising and then settling down, so that it may easily be conceived that the forces 
which have been sufficient to raise large masses of rock of almost unknown thickness, and to bend 
them into folds and contortions, were also amply sufficient, according to the flexibility and hardness 
of the rock, to break and crack them through , and to cast one portion upwards and allow the other 
to settle downwards. Accordingly, we find many instances of fissures and cracks running through 
great thicknesses of rocks. Sometimes these occur as mere fissures, but often there is also a displace¬ 
ment of the rocks which have been thus severed. Beds which were once known to be continuous are 
thus not only broken through, but are also left at different levels on each side of the fissure, and one 
side sometimes many hundreds of feet below the part where they were once continuous.” But it 
does not necessarily follow that all dykes are the result of the - eruption of igneous matter;” 
nevertheless, there are many cases which are inexplicable on any other hypothesis. 

4. It may be supposed, from what has been said, that the effect of faults are always and every¬ 
where injurious to the interest of the miner, but there is evidence to prove that this is not always a 
fact. While I am impressed with the stupendous difficulties these faults present, and remember 
how they interfere with the regular plan of working,” and introduce all kind of difficult calcu¬ 
lations into the ordinary operations, still there are cases where dykes even have proved a benefit. 
Professoi Phillips, referring to the uses these faults sometimes serve, says : - In all this seeming 
disorder the hand of the Creator is seen ; for by the agency of faults and dislocations Nature’s coal 
cellars are brought to the surface, and thus made more or less accessible to man; and, by the lava 
sheets and dyke walls of molten matter, the different areas of coal tracts have been made water-tight, 
and thus saved from the process of denudation. Mr. Jonathan Hyslop, in his lecture on tc Colliery 
Management, says, in pi oof of the above statement: - A pit was begun at Grosforth, near the 90 
fathom dyke, but had to be abandoned on account of an enormous outburst of water. A second 
shaft, only a few yards off, but on the other side of the dyke, was begun and sunk 200 
fathoms, without any impediment fiom the water, the dyke keeping it back.” Again he adds: “ Another 
benefit they sometimes yield is their effectual opposition to the spread .of underground fires. There 
are certain localities in Scotland where these so easily and so often take place, that, but for the 
numerous dykes intersecting the field and confining the fire, they could not be worked at all.” Such 
are the considerations advanced in support of the assertion that faults are not altogether an evil. 

5. We now pass on to consider some of the peculiarities these faults often present, and the 
difficulties with which they are attended. The evils which result from faults may be briefly sum¬ 
marised as follows: (J) Sometimes, instead of being an effectual check to the flow of water, the 
opposite has been experienced, and, as a matter of fact, it is well known that -some of the most 
dangerous discharges of water have taken place at the fissures of dykes.” (2) In some cases faults 
have so injured the roof that - sand-beds, gravel-beds, and moss have broken in and done immense 
damage.” (3) Large quantities of gas, in fiery mines, have been known to ooze out at the “ vees ” 
of dykes, and it requires the greatest caution sometimes in approaching such places. (4) They form 
some of the most contingent elements the miner has often to contend with when making his calcu¬ 
lations as to the number and position of the pits. (5) They interfere with -the regular plans of 
working, so that mam-roads cannot be laid off with the advantage they otherwise might,” and are 
exceedingly difficult to manage when found in proposed -inclined planes.” (6) They break up the 








































































COAL MINING MADE EASY, SAFE AND HEALTHY. 


71 


regular inclination of the coal strata, and prove very injurious both to the drainage and process of 
ventilation ; and (7) they are always difficult and expensive to pass, rendering the question as to the 
quality of the coal beyond very doubtful. 


6. By observation and experience much has been done by way of providing methods of 
evading or remedying this evil, or rather, I should say, of refinding the coal seam after its continuity 
has once been broken by faults. Dr. Ansted, referring to the matter, says : “ The important point 
to be observed is the direction of the fault; for if that incline to the left, the beds dipping to the 
right, it will follow that the angles made by any one of the beds in its two positions (before and 
after fracture) with the fault will be two obtuse angles; and thus a rule is obtained for following 
the seam. The practical rule is that if the fault make an angle less than a right angle with the 
bed of coal, the coal must be looked for at a lower level on the other side, being down-cast in that 
direction ; if, on the contrary, the angle be greater than a right angle, the coal will be at a higher 
level or up-cast. It must be observed that the distance to which the coal is heaved is not at all 
indicated by the nature or direction of the fault.” 


7. Sometimes the miner can tell when he is approaching faults, and especially is it so if the 
faults ahead take the form of dykes, and although the signs are diverse, still they are generally 
reliable. To quote once more from the very able work of Jonathan Hyslop, he says: “Sometimes 
the coal becomes gradually harder, as if it had been subjected to enormously increased pressure; and at 
other times it is quite soft and sooty, as if its particles had been shaken loose and never consolidated 
again. Backs and cracks filled with sooty or clayey material tell that some disturbance is not far oft. 
In some instances the regular inclination of the seam becomes greatly increased ; in others it sud¬ 
denly increases and becomes flat, and in many more begins to dip in the opposite direction. In like 
manner the seam has often been nipped through in its effort to resist the wrench of the convulsion, 
while in other cases it seems as if, when the wrench was over and part of the pressure removed, it 
had expanded to almost double the ordinary thickness. None of these signs, however, tell anything 
but that a disturbance is at hand, and the time spent in cutting through the few feet or yards of the 
ominous £ foul coal’ is often a very anxious one for both the proprietor and manager; for they know 
that it may cut off all the ‘ faces ’; it may take hundreds of pounds to cross it; it may disturb the 
whole plans of the colliery; and at the very least it will seriously interfere with the progress of the 

work.” 


8. With regard to the signs which more especially point to the fact that the fault ahead 
takes the form of a dyke, some very interesting information has been collected by Dr. Ansted We 
have already referred to the enormous dyke in the county of Durham. The effect of this heated 
matter on the coal, which is supposed to have been forced up through the seam, has been described 
by Mr. Witham, and has been quoted as follows by Dr. Ansted : “ Within 50 yards of the dyke the 

coal begins to change. It first loses the calcareous spar, which occurs m the joints and laces and 
also loses the quality for burning. As it comes nearer it assumes the appearance of a half-burnt 
cinder, and approaching still nearer the volcanic mass it grows less and less m thickness, becoming 
a pretty hard cinder, and only 2*ffc. thick; 8 yards further it is converted into a real cruder, an 
more immediately in contact with the basalt (the melted matter that caused the dyke and 
constitutes it), it becomes, by degrees, a black substance called ‘swart, resembling soot caked 
together, the seam of the coal being reduced to 9m. m depth (thickness) iue is a ’ J 
of iron pyrites (a real combination of iron and sulphur, that causes the yeftow.and golden appearance 
frequently seen in coal), lodged in the roof of that part of the seam that has been ^ 

0n 'each side of the dyke, between C T 

6m. thick, which turns themmwa er deteriorated by this greenstone dyke is 

numerous springs as it tiavels the council y. . „ w; ,, f + i ip 

25 yards of bad short coal, 16 yards of cinder, and 10 yards of sooty substance. W **>«£**• ‘ « 
direction of faults, Hyslop says: “ The vertical direction of a dyke is known by the 

• vees • or face. Thus, if it lie off at the lead it is an up-cast, if it be off at the foot itrts a .do <- «. 
This direction is generally well defined, but in some of the largest faults it is veiy difficult 


K 
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whether it is merely a c want/ or an c up-throw/ or a ‘ down-throw/ The face is itself usually quite 
smooth, as if it had been polished by enormous friction in its formation. In most cases the fissure 
is perfectly filled with material, but in others it is not so, and hence we have outbursts of gas and 
water from the upper and lower ranges of strata. The horizontal direction of these disturbances is, 
of course, almost as varied as their size. As a rule the larger the dyke the straighter is its course. 
Sometimes, however, there are not only bends but forks, in which the main dyke is split up into 
two, while in other instances it breaks up and dwindles down into threads like an untwisted 
rope. The size varies from lin. to 700ft., and in some fields it is perpetually changing; 
and a dislocation of several feet in one place will taper down to a few inches in the course of 20 or 
30 yards on either side.” 

9. We will now proceed to notice some of the different kinds of faults, and illustrate the 
various ways of dealing with them. Generally the first effort made is to find out the size and direc¬ 
tion of the fault, whether it is an “up-throw” or a “down-throw.” Having satisfied yourself on this 
point you proceed to work. To assist the reader in the practical part of this important subject, I 
have made several sketches showing both flat and steep mines with fault slips in them, also the 
direction to drive the roadways in crossing such places. 


EXPLANATION OF FIGURES ON PLATE I. 

10. Fig. 1 represents a flat mine level in a southerly direction with a “ down-throw ” fault. 
In this case it is necessary to drive a down-brow incline to catch the coal again, or the coal may be 
caught again by a staple pit. Fig. 2 represents a flat mine leYel in a southerly direction with an 
“ up-throw ” fault. In this case it is necessary to drive an up-hill brow or incline in order to catch the 
coal again, or as in the previous case the coal can be got by a staple pit. Fig. 3 represents a section 
of a steep mine with “up-throw” and “down-throw ” faults. Fig. 4 represents a bird's-eye view of a 
steep mine level going south with a “ down-throw ” fault and a tunnel to catch the coal again. The 
coal being thrown down a tunnel to the left is required to catch the coal again as it comes up from 
the deep. The easiest way to drive to catch the coal again is to drive by the fault slips, but this 
plan, it should be borne in mind, causes a bad road, and requires extra timber to keep it in good con¬ 
dition. The better way is to drive more to the right into the solid strata, which gives a firmer and 
straighter road. Fig. 5 shows a bird's-eye view of a steep mine level going south with an 
“ up-throw ” fault with a tunnel to catch the coal again. The coal being thrown up a tunnel to the right 
is necessary for the purpose of catching the coal again as it comes down to this point. The easiest 
way is to drive by the fault slips, but the best way is, as stated before, to drive more to the left into 
the solid strata which will give a firmer and straighter road. Fig. 6‘ represents a section of a steep 
mine with a “down-throw” fault. When coming to faults of this description, in driving jig-brows, 
the coal may be found again by a level tunnel, but this would require an extra jig to bring the coal 
from above, but by making the fault tunnel with a slight inclination up hill, it would require one a 
little longer, but it would be possible afterwards to jig over the fault with one jig only. Fig. 7 shows 
a section of a steep coalmine with an “ up-throw ” fault. When coming to faults of this character 
in driving jig-brows, it is necessary to make the incline steeper in order to cross the strata and catch 
the coal again. There is no difficulty in jigging down brows of this description if they are properly 
made. Faults can be crossed and worked in engine brows in the way above described. Fig. 8 repre¬ 
sents a bird’s-eye view of a steep mine level with a “ down-throw ” fault bearing in the direction of the 
level. Fig. 9 is a bird's-eye view of a steep mine level with an “ up-throw” fault, bearing with the 
level. When fault slips bear either with an up or down throw, it is necessary to rise or fall with the 
roadway according to the direction of the throw, whether it be up or down. 







SKETCHES SHOWING BOTH FLAT & STEEP MINES WITH FAULT SLIPS. 



Plate 2. 
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CHAPTER XIII. 


Jigging. 

. 

1. How to jig steep inclines.—2. How to use the rope or chain.—3. How and when to connect the waggons.—4. Advantages 

of the system.—5. Large quantities can be jigged. 

1. Plan IX. shows how to jig down steep inclines from different levels. The incline plane is 
made flat opposite each level end and laid with iron plates to receive the empty waggons and to 
discharge the full waggons from their levels into the incline. There are steel or iron rails fixed 
across these flat places, so that the waggons can run smoothly across when jigging from other levels. 
These cross rails are so fitted that they are very easily fixed or removed, when running the waggons 
from the levels into the incline. The incline is laid with two lines of rails, so that the full waggons 
when going down bring the opposite empty waggons up to any point required. 

2. By providing an extra or spare length of rope or chain, it will very greatly facilitate 
operations. This spare length of rope or chain should lie in the brow from the jig to No. 2 level, 
and have disconnecting links in it opposite each level end. 

3. When discharging the full waggons from the levels to the incline they should be connected 
to the joint in the spare rope opposite the level, and then connect the top end of the spaie lope 
to the joint of the main jig rope near the jig. When connected in this way the full waggons on 
going down the incline from the level end will bring the empty ones up the opposite side to the 
same point from which the full waggons started. By jigging a second waggon down the opposite 
side of the brow, from the same level, the joints of the rope are brought into their foimei position. 
On this plan it is possible to jig from any level, either right or left, but when jigging from the top 
levels the loose length of rope should he disconnected. There is only one loose length of rope 
required on one side of the brow, and the other side requires no joints except at one end. This will 

he seen on referring to plan. 

4. This plan does not require so high a roadway, as is sometimes usual, as the counterbalance 
and carriage system, as in Fig. 1, and in lifting ground it is cheaper and far supeiioi. 

5. In the case of steep inclines, very large quantities can be sent away without inconvenience. 
For instance, ten waggons can be jigged at the same time, on this system, without the slightest 
difficulty. To accomplish this with perfect ease, a jig carriage should be constructed to run on a 
swing platform, situated at each end of the level in such a position as to facilitate the loading of the 
waggons. (See Plan I., N and Q.) This arrangement should be such that the carriage with the 
empty waggons would be drawn up the incline by the counterbalance, the loaded caniage 
returning the balance. (See Plan I., S, and Fig. 1.) On this principle of jigging it would be possible 
to return, with, a full load down hill from any point. 
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CHAPTER XIY. 

Wedging. 

1. Plug-holes.—2. How to place the holes.—3. Wedging hard coal.—-4. Harder for the men. 5. Blasting. 6. Explanation 

of plan. 

1. When driving strait work in hard coal, by cutting it from the floor to the roof, and three 
to four feet deep on one side of the level, and cutting it under the same depth, it is possible to bring 
the coal down by a series of plugs and feathers, if the wedges are only properly fixed. (See Plan X. 
A, B, C.) By boring the plug-holes twice the depth of the feathers the plugs can be made longer, 
or twice the ordinary length, which will answer the purpose of the compound plug and feather. 
(See Fig. B.) 

2. C shows how to adjust the holes so as to be of the greatest possible service. 

3. D shows a system of wedging down strong hard coal in wide working places. These 
wedges are each one foot long, on the taper three inches, and on the flat two to three inches long. 
The thick part of the taper is three inches, and the width is four inches. These wedges are driven 
in at the top of the coal bed in different places along the wide face. In driving the first set of 
wedges the coal is generally brought down in large masses, but if they should fail, others are driven 
on the top of the first, which are sure to prove effectual. I have done a 
large amount of such work, and have always found it to answer very 
well. By cutting a small slit on the top of the coal it facilitates the 

entrance of the wedge. (See Fig. Z.) 

» 

4. Wedging, of course, saves the expense of powder and fuses, which will pay for the boring 
of the plug-holes. I have taken the trouble to refer to this question to show how hard coal can be 
got without blasting. It is certainly harder work for the men. 

5. Blasting, however, may be used with perfect safety 'if there is only a proper system of 
ventilation, and if the coal is cut and holed, as stated above, there is no occasion to have blown-out 
shots. Under these circumstances, the person that has a blown-out shot. I may fearlessly say, does 
not understand his work. 

* 

6. In Plan X. A represents the plug and feather fixed ready for driving, B the plug driven 
up, C the end view of the level with plug-holes, D the broad, long taper wedges for breaking down 
the coal in wide places. 
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Chap. XIV. 


PLAN. 10. 

showing a system of wedging down coal in strait WORK & WIDE PLACES. 
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CHAPTER XV. 


Subsidences. 


1. The cause of subsidences.—2. Erroneous ideas.—3. How the roof swags.—4. Breaks in the surface. 5. The irregulai 
system is a great source of trouble in this respect.—6. Crushing of walls, &c. 

1. After a mine is extracted, the roof breaks and falls in large masses. This often causes sad 
havoc with property on the surface. Sometimes buildings have sunk bodily, or have cracked and 
broken to such an extent that it has proved impossible to hold them together with iron bars and 
bolts. In many parts of coal districts it will be noticed that there are unnatural depressions in the 
earth, which are entirely owing to this cause. Subsidences of such a character often take both 
“ serious and ludicrous ” forms. It is stated by a well-known authority that “ one of these took 
place at Newton, about four miles from Stourbridge, in December, 1866, and it arose from the 
gradual falling of a shaft, produced from the sudden subsidence of the earth m a comparatively 
limited area, and not, as is frequently the case, from an extensive superficial subsidence. The village 
of Newton is built on Earl Dudley’s land, and in the vicinity of an extensive colliery belonging to 
his lordship. For some time previously the owner of a public-house had noticed that the ground on 
which his house was erected had been gradually subsiding ; and he took the usual measures, cramping 
the house with iron rods, and buttressing it with trees, to lessen the damage to the building, 
evincing as much coolness, or rather wilful blindness, to danger, as may be noticed amongst the 
inhabitants of countries accustomed, or perhaps rather hardened, to the visitations of earthquakes. 
All his precautions proved of no avail; and at last, one evening, a hole was perceived m the back¬ 
yard. The alarming noise, consequent on the formation of the shaft (the local name for this narrow 
subsidence of the earth), was accompanied by an out-gust of gas, known amongst colliers as sulphur 
(some form of sulpho-hydrocarbon, that had long been pent up beneath); and this having come into 
contact with fire, it ignited. Of course the house speedily caught fire. Gradually the back of the 
house, household goods, &c., &c., descended in the widening gulf, and, in little more than twelve 
hours, the “ crowner in” had increased to a hole sixteen to eighteen yards across one way, and ten 
or twelve the other, with a depth of about ten yards, the bottom of the rent being covered with 
great masses of rock rent from the sides of the holes.” The mine beneath the surface, m this instance, 
must have been a very thick one, and near the surface, to have been the cause of such a disaster. 


2. Subsidences of various kinds are very frequent m some mining distncts, but, of couise, 
they differ very materially, according to the nature of the strata and the depth of the mine from re 
surface. I have known many cases of railways, bridges, canals, and buildings sometimes o a very 
valuable character, to sink to such an extent as to become sources of immediate difficulty and danger. 
Notwithstanding the disastrous consequences which sometimes follow m the natural order of rings 
as the result of mining operations, comparatively little thought has been given to ns veiy liupor an 
subject, and many various and erroneous ideas have prevailed as to their cause and mode o a ec mg 

objects on the surface. 

3. On removing the coal the roof often falls, and after falling a short distance the broken 
debris becomes nearly close to the strata above, which is still unbroken. le 100 a ove can 
consequently break no further, but swags down on to the broken ground and crushes it dose^un. 
After the broken ground closes again, the swag or creep of the overlying strata become slows., and 
at great depths it takes many years before the creep reaches the surface and when it does, u e 
sue?, circumstances, there is but little damage done to buildings or property situated m the n, 

of the swag or creep. This fact is clearly set forth at a. Fig. 1. Tins sketch also shows 

subsidence of the strata and breaks in the ground after the mines are got 1 

position of the first rank worked in the royalty. Every following rank will break ove. to the light. 
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4. When a rank of coal has been worked out, and the subsidence has reached the surface, 
there is generally a break of the surface between the sunken ground and the solid ground. (See b 6, 
Fig. 1.) This is the point at which property, and especially buildings, are mostly damaged, that is, 
when lying near these breaks. I have noticed hundreds of buildings situated some distance from 
the breaks, or in the middle of the swag, as at a, in Fig. 1, have gone down 6ft. or 7ft. 
perpendicularly, and not received the slightest injury. When the subsidence of a worked-out 
rank reaches the surface it is always found to have broken a great deal over the perpendicular. 
Some engineers contend that the break-over is always at right angles to the inclination of the strata, 
but I have often proved this to be a mistake. I have noticed very frequently that hard rocky strata 
breaks over short of a right angle, while a soft shaly strata will break-over more than a right angle. 
The break-over varies with different inclinations. The break-over from a flat mine is considerably 
more than a right angle, but the break on the rise or the ends does not vary much from the 
perpendicular. (See Fig. 1 c.) I have sunken several shafts through broken strata, where the mines 
have been got from under at different depths, some of the mines having been got many years before, 
and I have consequently had many opportunities of proving how different subsidences arise and how 
they tend. If it is necessary to get mines under buildings without injuring them, or to minimise 
the risk, the best plan is to get the mines immediately from below the buildings, and then proceed 
to work outwards from the position beneath the buildings in every direction. When there is 
valuable property to be preserved on the surface, the ranks should be worked in this manner, so as 
to throw the break-over as far as possible from the property it is thought desirable to protect. 

5. The greatest amount of damage is generally done to the surface by working upon the 
pillar-and-stall system, or some modification of that method, but especially is it the case if the system 
of working is irregular or zig-zag. I have worked a mine 6ft. at 250 yards deep, and have known 
the break reach the surface in two years, and double that distance in six years, where the strata 
was about one of rock to two of shale. The length of time it will take for a break to reach the sur¬ 
face depends to a great extent upon the character of the strata. 

6. I have seen, underground, very hard tough stone walls, crushed to bits, with less over- 
lying strata than they were calculated to carry. The cause of this was, that the surroundings were 
pillared, or draining water or gas from the mines, which caused them to shrink, the surrounding swag 
forming a leverage and fulcrum on these walls which crushed them at less depth than the imme¬ 
diately overlying strata would otherwise have done. 
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PLAN SHOWING THE DIFFERENT REQUIREMENTS FOR WORKING COALMINES 



When a perpendicular fault occurs, it is difficult to tell whether it is up or down 
throw, but if the strata is known above and below the mine it is easy to find 
whether it is up or down. If the fault runs off at the head, thus, is up 

throw; if it comes towards you at the roof, thus^ ^. it is down throw. 




Plan II. 











































































































































































































































































































































CHAPTER XVI. 


Miscellaneous Requirements. 

1. Regulator.—2. Brattice cloth.—3. Air doors, &c.-—4. Working faces.—5. Gobs, &c.—6. Holing and wedging.—7. Setting 

timber : old and new systems.—-8. Cavities in roadways, &c. 

In Plan XI. I have sketched a few of the principal requirements in working a mine, showing 
also their relation to each other. All that is necessary for me to do further is to explain the various 
points to be noted of special interest and importance in this plan. 

1. A A mark the position of an air regulator, on a very simple hut effective principle. 

2. B C D represent brattice cloth in various forms. B B B show the brattice cloth nailed 
on to their props and their hoard capings, and the brattice also broken and fallen. C C C represent 
the brattice cloth nailed on to the hack of a square wooden frame, while D D show the brattice 
cloth nailed on a similar frame at the front. 

3. E represents a brattice cloth air door. 

4. F F F show end views of sections of working faces. 

5. G G G are known as gobs, or old waste. 

6. H H show the holing and wedging of coal. 

7. II show the improved and proper methods of setting props. The prop numbeied 2 is 
decidedly the best position in which a prop can be set. (For reasons, see chapter on Timbering.) 

8. J shows cavity above the timber in roadways. K the old system of coupling or tnnber- 
ing in roadways. L shows the same system of timbering, with cross-bar broken. M represents the 
new and best method, while N shows the result of the crushing of the roof upon cross-bar m new 

system. 



CHAPTER XVII. 


Legal Requirements. 

The digest of legal requirements which follows is taken from the Act of 1872, but as some 
parts of that Act have been amended by the Act of 1886, it has been thought necessary to 
incorporate in loco the amendments which have been made. The former Act is known as the 
Principal Act, but this may be cited, together with the Act of 1886, as the Coalmines Acts 1872 and 
1886. For the principal provisions of the Coal Mines Regulation Act, 1887, see notes 1 

1, 2, 3. Preliminary,— Short title, “ The Coalmines Regulation Act, 1872.” Commence¬ 
ment of Act. Applies to coal, stratified ironstone, shale, and fire-clay mines. 


PART I. 

4, 5. Employment of Women, Young Persons, and Children.- —Boys under ten years 
of age, women or girls of any age, are not to be employed below ground. Boys of the age of ten, 
but under twelve years, are not to be employed below ground except where the Secretary of State 
permits and then not (a) for more than six days in any one week ; or (b) if employed for more than 
three days in any one week, for more than six hours in any one day ; or (c) in any other case for more 
than ten hours in any one day ; or (d) otherwise than stated in the Act. 2 * 


6. Hours of Employment of Boys and Male Young Persons. —Boys of the age of 
twelve but under thirteen, or male young persons 8 under sixteen years, are not to be employed below 
ground more than fifty-four hours per week, or more than ten hours per day. 


7. Boys and Male Young Persons. —Boys and male young persons employed below 
ground (1) shall be allowed an interval of not less than eight hours between the period of 
employment on Friday and the time of employment on the following Saturday, while in other 
cases there shall be an interval of not less than twelve hours between the same. (2) Employment 
shall commence on leaving the surface, and end on returning to the same. (3) A week shall begin 
at midnight on Saturday night and end at midnight on the succeeding Saturday night. 4 * 


8. Education of Boys.— Boys ten years of age but under twelve employed below ground 

(1) shall attend school for at least twenty hours in every two weeks during which they are so employed. 

(2) The time during which they shall attend school shall not include time during which they have 
attended either (a) in excess of three hours at any one time, in excess of five hours on any one day, or 
excess of twelve hours in any one w T eek; or (6) on Sundays; or (c) before 8 a.m. or after 6 p.m., 
provided that the non-attendance of any boy at school shall be excused—-(l) from attendance by sick¬ 
ness or other unavoidable cause; (2) by closing of school for customary holidays; or (3) for any 
time during which there is no school which they can attend within two miles from his place of 
residence or the mine in which he works. The immediate employer of such boys shall on Monday in 
eveiy week obtain from the principal teacher of the school a certificate that they have attended 
school. The immediate employer, when he is not the owner, agent, or manager of the mine, shall 
delivei such ceitificate to the owner, agent, or manager, who shall keep it for six months in the office 
at the mine, and shall produce the same to any inspector under the Act when required. Persons 
foiging, counterfeiting, falsely giving or signing such certificates, shall be liable, on conviction, to 
imprisonment foi a period not exceeding three months, with or without hard labour. 6 


..I .Pi® Coalmines Regulation Act, 1887, was passed after this digest had been set in type, consequently it was only possible for me to indicate 

the mo tunpo tant amendments and additions to the law in the form of foot notes. The principal alterations are as follows : It is provided that- 

, Boys under 12 years of age and girls and women are not to be employed below ground. 

1 Un 8 W nr J” unR P e ”? n ’ “ dl ; 0 PP ed ' a “ d the term “ boy ” throughout the Act means a male under 16 years of age. 

* No boy or girl under 12 years of age shall be employed. b 

6 Not. reproduced. 
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9. Sum Paid by Employer for Schooling Deducted from the Wages. —On application 
of the principal teacher of a school the employer may pay a hoy’s money for schooling and deduct it 
from his wages, but the sum must not exceed twopence per week, nor the twelfth part of the boy’s 
wages. The penalty for refusal to pay such sum, after such application has been made, is a sum not 
exceeding ten shillings. 

10. Teachers may be Disqualified for Granting Certificates. —If an inspector is 
satisfied that the principal teacher of a school ought to be disqualified for granting such certificates, 
because (1) he is unfit to instruct children on account of ignorance or neglect, or not having the 
necessary hooks and material, (2) of immoral character, or (3) neglect to fill up certificates of 
attendance, he may serve on the teacher a written notice stating the reason for such disqualification, 
which shall take effect at the expiration of two weeks, subject to appeal. The inspector shall also 
serve notice of the teacher’s disqualification on every employer of a child who obtains certificates from 
such teacher, and specify a school which the child can attend, after which notice no certificate given 
by such a teacher shall be deemed a certificate in compliance with the Act, unless it be the only 
school within two miles from the mine or residence of the child, or with the written consent of an 
inspector. 1 


11. Penalty for Non-attendance of Children at School.—T he parent, guardian, or 
custodian of any boy of ten hut under twelve years of age, employed below ground in the mine, shall 
cause him to attend school in accordance with the regulations of this Act, failing which he is liable 
to a penalty of not more than twenty shillings for each offence. 1 


12. Employment of Women and Children, &c., above Ground. —With respect to 
women, young persons, and children employed above ground it is provided that: (l) No child 
under ten years of age shall be so employed. (2) The regulation of the Act, with respect to boys of 
ten but under 12, shall apply to every child so employed. (3) The regulations of the Act with 
respect to male young persons under sixteen years of age shall apply to every woman and young 
person so employed. (4) No woman, young person, or child shall be so employed between 9 p.m. 
and 5 a.m. on Sundays or after 2 p.m. on Saturdays. (5) Intervals for meals not to be less than 
half an hour during each period of employment which exceeds five hours, and not less than one 
hour and a half during each period of employment which exceeds eight hours." 


13. Registers.—A register of the name, age, residence, and date of first employment of all 
boys under twelve years of age, of twelve and under thirteen, of all male young persons undei 
sixteen employed below ground, of all women, young persons and children employed above ground, 
of certificates of school attendances, &c. 2 3 4 


14. Employment of Young Persons about Engines. —Where there is a shaft, inclined 
plane, level, and persons are taken up and down by means of engine, windlass, gin, worked by steam 
or mechanical power, by animal or manual labour, a person shall not be allowed to have charge of 
such engine, windlass, gin, &c., or tackle connected therewith, unless he is a male of at least eighteen 
years of age. 


15. Penalty for Employment of Persons Contrary to the Act. If any person 
contravenes or fails to comply with, or permits any person to contravene or fail to comply with this 
Act, with respect to the above provisions, &c., the owner, agent, and manager shall each be guilty of 
an offence against this Act, unless he prove that he had taken all reasonable means to prevent such 
contravention or non-compliance. The parent or guardian of a child who makes an incorrect state¬ 
ment of age of the child takes the responsibility of such incorrect information. 1 


2 Su 0 b.8ecU 0 oa U 2 e o d f Clause 8 in new Act answers to the sub-section 12 in old Act. Sub-section 8 in the new Act provides that no boy, girl, or 

woman shall be employed in movLg railway wagons. This is new. The clause is otherwise va " e ^“ ’a slo^Uuthority 11 

3 The Secretary of State shall be empowered to prescribe the form of register, which must be produced to a school authority. 

4 Sections 10 and 65. 


L 
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16. Wages—Prohibition of Payment at Public-Houses, &c. Wages aie not to be paid 
at or within any public-house, beershop, or place for the sale of spirits, beer, wine, cidei, 01 other 
spirituous or fermented liquor, or house of entertainment, or any office, garden, or place belonging 01 
contiguous thereto, or occupied therewith. 

17. Payment by Weight. —Where the amount of wages paid to any of the persons 
employed in a mine depends on the amount of mineral gotten, such person shall be paid accoiding to 
weight of the mineral gotten by them, such mineral shall he truly weighed, provided (a) the 
possibility of agreement between employer and employed that deductions shall be made foi stone or 
materials other than mineral contracted to be gotten, which shall be sent out of the mine, &c., or in 
respect of tubs, baskets, or hutches being improperly filled, &c., such deductions being determined 
by the banksman, weigher, or check weigher, or in case of difference by a third party, mutually 
agreed upon by the employer, &c., and employed. ( b ) The Secretary of State may exempt, if he 
thinks fit, certain mines from the provisions of this section. 

18. Appointment and Removal of Check Weigher. —Persons paid according to the 
weight of mineral gotten may, at their own cost, station “a check weigher’ at the place appointed 
for the weighing of such mineral, to take account of the weight thereof on behalf of the persons by 
whom he so stationed, provided (a) he be one of the persons employed in the mine, or in a mine 
belonging to the owner of that mine, ( b ) that he does not impede the working of the mine, or (c) 
does not interfere with the weighing, or (d) his absence be not made a reason for delaying weighing. 
He shall have every facility afforded him to take a correct account of the weighing. If the owner, 
agent, or manager desire his removal on account of misconduct, &c., he may complain to any court of 
summary jurisdiction, who may call upon the “check weigher” to show cause against his removal. 
If the court think there is sufficient ground for the complaint, it may order his removal, but without 
prejudice to the stationing another “ check weigher ” in his place. In cases where the persons 
employed are paid by measure or gauge, the provisions of this section apply in like manner as if the 
term “ weighing ” included measuring and gauging. 

[By the Act of 1886, chap. 40, sec. 1, it is enacted that the provision of this section, with respect to the check 
weigher being one of the persons employed, either in the mine at which he is stationed, or in another mine belonging to the 
owner of that mine, be repealed. It is further provided that in all cases where a check weigher has been appointed by the 
majority of the colliers working in any mine, and has acted as such, he may recover from any collier working in such mine his 
proportion of the check weigher’s wages or recompense, notwithstanding that any of the colliers or collier may have left the 
colliery or others have entered the same since the check weigher’s appointment, any rule of law of equity to the contrary 
notwithstanding. And further, it may be lawful for the owner or manager of any mine to retain the agreed contributions of 
the colliers to the check weigher, notwithstanding the provisions of the Acts relating to truck, and to pay and account for the 
same to the said check weigher.] 1 

19. Application of Weights and Measures Act to Weights Used in Mines, &c. —Any 
Act for the time being in force relating to weights and measures, shall apply to the weights used 
lor determining the wages payable to persons employed in such mine, &c. 2 

20. biNGLE Shafts, Prohibition of. —There must be in connection with every seam being 
worked at least two shafts or outlets, separated by natural strata of not less than 10ft. in breadth, 
by which outlets distinct means of ingress and egress must be available to the persons employed 
in such seam, &c. 


21. Illegal Agreements. —No person shall be precluded by any agreement from doing such 
acts as may be necessary for providing a second shaft or outlet to a mine where the same is 
required by this Act, &c. 


22. Exceptions from Provisions as to Single Shafts.—(1) Opening of new mine or of 
working lor making a communication between two or more shafts, not more than twenty persons 
being employed below ground at any one time in the whole of the different seams connected with 


, Sections 13-15. The employed are free to select their own check-weigher. Words are introduced to confine him. when at the mine, strictly 

to the discharge of Ins statutory duties. He is not removable for anything done elsewhere than at the mine. He may be paid from the wages of 
those who employ him, but not from the wages of those who do not. 

Provision is made for the examination of the weights and measures once in six months. 
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each shaft or outlet in such mine or working. (2) Mines exempted by a Secretary of State on the 
ground either (a) quantity of mineral not sufficient to ‘repay the outlay; (b) mine not a coalmine, 
that sufficient provision has been made against explosions of gas, &c.; or (c) the workings have 
reached the boundary and is expedient to work the pillars, not more than twenty persons being 
employed below ground in the whole of the different seams in connection with the shaft or outlet. 1 
(3) in cases where one of the shafts or outlets are unavailable by reason of some accident. 

23. Temporary Exceptions. — The provisions of the Act do not apply to mines not required 
to have two shafts or outlets at the time of the passing of the Act. 2 

24. Extension of Time. — Deals with exemption of certain mines as to shafts, and extension 
of time for other mines. 2 

25. Division of Mines into Parts. — Where parts of a mine are worked separately, notice 
must be given to the inspector of the district, when such part or parts shall be deemed, for all pur¬ 
poses of the Act, to be a separate mine. 

26. Certificated Managers. —A person shall not be qualified to be a manager of a mine 
unless he is for the time being registered as the holder of a 3 certificate. If a mine is worked for more 
than 14 days without such a manager, the owner and agent of such mine shall be liable to a penalty 
not exceeding £50, and a further penalty not exceeding £10 for every day during which such mine 
is so worked, except (a) the owner can prove that he has taken all reasonable means to prevent the 
mine being worked in contravention of this section ; (6) or there is no manager for the time being 
so qualified, when the owner or agent may appoint a competent person not holding a certificate for 
a period not exceeding two months, when it is necessary to inform the inspector of such an arrange¬ 
ment ; (c) or in a mine in which less than 30 persons are ordinarily employed below ground, or the 
average daily out-put does not exceed 25 tons. 4 

27-37. Granting and Cancellation of Certificate, &c. 

38. Returns, Notices, and Abandonment. —Owners, agents, or managers of mines must 
on or before the 1st day of February 5 in every year send to the inspector a correct return, specifying 
(a) the quantity of coal or other mineral wrought in such mine in the preceding year ending on the 
31st of December. ( b ) Number of persons employed in or about the mine below and above ground, 
and the different classes and ages of persons so employed whose hours are regulated by this Act. 
Failure to comply with these requirements is an offence against this Act. 6 

39. Notice of Accidents. —The owner, agent, or manager must, within 24 hours next after 
any accident, send a notice in writing of the same to the inspector, specifying the character of the 
accident. 7 

40. Opening and Abandonment of Mine. —The owner, agent, or manager must give notice 
to the inspector (a) of any work commenced for the opening of a new shaft for a mine, (6) when a 
shaft is abandoned, (c) when a shaft once abandoned is reopened, (cl) of any change in the name of 
the owner, agent, or manager of a mine within two months after such changes. 8 

41. Fencing of Abandoned Mines. — Such mines are to be well and securely fenced at the 
top to prevent accident. 9 

42. Plans of Abandoned Mines.— Plans of abandoned mines must be sent to the Secretary 
of State on a scale of not less than a scale of two chains to one inch, within three months after such 
abandonment. 10 

1 (c) Omitted in new Act. 2 Spent. 3 First-class certificate. 

4 The new Act also provides that daily supervision shall be exercised either by the manager or by an under-manager nominated by the owner 

or agent of the mine, and that the person nominated must hold a first or second class certificate, and that, in the absence of the manager, he shall have 

the same responsibilities. That a contractor for miueral, or person employed by such contractor, is not eligible for post of manager or uuder- 

mauager. Also that there shall be two kinds of certificates—first-class for managers and second-class for under-managers ; that no person shall be 
entitled to either certificate unless he has had practical experience iu a mine for at least five years, &c. 

6 New Act, “on or before the 21st day of January in each year,” &c. 

0 Clause 31 in new Act, referring to plan of mines, kept at office, covers Section 69 of Act 1872. , Sub-section 2 is new. 

s When any change occurs in the name of any mine, or in the name of the owner, agent, or manager of any mine, to which the Act of 1837 

applies, or in the principal officers of any incorporated company which is the owner of a mine, the owner, agent, or mauager of the mine shall give 
notice thereof to the inspector, &c. “ Principal ” before officers is new. Act extended to seams. _ _ 3 Sub-sections 3 and 4 new. 

10 Extended to seams, and more detailed requirements as to what is to be shown by plan. Sub-section 3 in new Act is additional. Sub¬ 
section 5 of new Act extends the time for laying information to six months. 
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43 _ 44 . Inspectors and Inspection. —Deal with the appointment of inspectors, and 

disqualification of persons as inspectors. 

45 . Powers of Inspectors. —An inspector has power ( 1 ) to make inquiry or examination to 
ascertain if the provisions of the Act are complied with either above or below ground; (2) to enter, 
inspect, and examine any mine, and every part thereof, by night and day, hut must not impede or 
obstruct the working of the mine; (3) to inquire into and examine the state of the ventilation and 
the sufficiency of the special rules in force in the mine, and all matters touching the safety of the 
persons employed in or about the mine, or any mine contiguous thereto; (4) to exercise such powers 
as may be necessary for carrying the Act into effect. No one is wilfully to obstiuct any inspectoi in 
the execution of his duty. 

46. Notice of Inspectors of Causes of Danger not Provided for by the Pules. If 
the inspector find in any mine any matter, thing, or practice to be dangerous oi defective so as in 
his opinion to threaten or tend to bodily injury of any person, such an inspector may give notice in 
writing thereof to the owner, agent, or manager, and require the same to be forthwith remedied. If 
the owner, agent, or manager objects to remedy the same he must give notice to the Secietaiy of 
State of his objection in writing, stating the grounds thereof, within 21 days after the receipt of the 
notice of complaint, when the matter will be decided by arbitration. 

47. P lan s of Mines to be Kept by Owner, &c. —Plans of the workings, showing the 
workings up to at least six months previously, must be kept at the office, which must be produced to 
the inspector when requested, and must show progress of working up to time of such production. 1 

48. Inspector’s Reports. —The inspector is to make an annual report and other reports as 
directed. 

49 . Arbitration.—(1) Parties to the arbitration are the owner, agent or manager on the 
one hand and the inspector on the other. (2) Each of the parties may, within 21 days after date of 
reference, appoint an arbitrator. (3) The arbitrator must in no way be interested in the mine in 
question. (4) This appointment must be in writing, and notice sent of the appointment to the other 
party, and cannot be revoked without the consent of such other party. (5) Death, removal, or any 
other change in any of the parties to the arbitration, shall not affect the proceedings. (6) If either 
of the parties fail within 21 days to appoint an arbitrator, he may be appointed by the other party, 
and proceed to hear and determine the matter. (7) If before an award has been made any arbitrator 
appointed by either party die or become incapable to act, or for 14 days refuse or neglect to act, the 
party by whom such arbitrator was appointed may appoint some other person to act in his place; 
and if he fail to do so within fourteen days after notice in writing from the other party for that 
purpose, the remaining arbitrator may proceed, and in such case the award of such single arbitrator 
shall be final. (8) If the single arbitrator has not actually proceeded in the arbitration, the one so 
failing may appoint an arbitrator. (9) If the arbitrators fail to make their award the matter may be 
decided by an umpire (10) appointed by the arbitrators (11), and if he fail to make his award they 
may appoint another umpire in his place (12), but if the arbitrators fail to appoint an umpire for 
seven days after the request of either party, an application may be made to quarter sessions, and an 
umpire may be appointed by the chairman. (13) The umpire’s decision shall be final. (14) If a 
single arbitrator fail to make his award within 21 days after the day on which he was appointed, 
the party who appointed him may appoint another arbitrator to act in his place. (15) The 
arbitrators or their umpire may examine witnesses on oath, or may consult any counsel, engineer, or 
scientific person whom they may think it expedient to consult. (16) The payment to be made to 
any arbitrator or umpire, for his services, shall he fixed by the Secretary of State. (17) Arbitrator's 
or umpire are to be practical mining engineers. 

50. Coroners. —(l) When a coroner holds an inquest upon a body of any person whose 
death has been caused by an explosion or accident, an inspector or a representative of the Secretary 
of State must be present to watch the proceedings. (2) If the inquest be adjourned, the coroner 


By Section 34, bub-section (1) new Act, more details are required. Sub-section (4) enables the secretary to prescribe time. 
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must send to the inspector at least four days’ notice of tlie time and place of holding the adjourned 
inquest. (3) The coroner may before the adjournment take evidence to identify the body. (4) If 
an explosion or accident has not occasioned the death of more than one person, and the coroner has 
given not less than 48 hours’ notice, it is not imperative to adjourn if a majority of the jury think it 
unnecessary. (5) An inspector may examine the witnesses, subject to the order of the coroner. 
(6) If an inspector be not present, and it should transpire from the evidence that there has been 
neglect, or any defect, in or about the mine, the coroner shall send notice of the same to the 
inspector. (7) Any person interested in any way in a mine at which the accident may have occurred 
is disqualified from serving upon the jury. 

[In the Act of 1886, sec. 2, it is provided that where an inquest is held on the body of any person whose death has 
been caused by an explosion or accident, of which notice is required by the principal Act to be given to the inspector of the 
district, it shall be lawful for any relative of such person to attend in person or by agent, and to examine any witness, subject 
nevertheless to the order of the coroner. By sec. 3 of the same Act it is further provided that where it appears that a 
formal investigation of any accident and its causes is expedient the Secretary of State may direct such investigation to be held, 
when the following provisions shall have effect: (1) The Secretary of State may appoint an inspector to hold such an investi¬ 
gation, and other persons to assist him, (2) who shall be called the court, and shall hold such investigation “in open court,’' 
(3) which court shall have all the powers of a court of summary jurisdiction and the following powers (a) They may enter 
and inspect any place or building they may think necessary ; (b) by summons require the attendance of such persons they may 
deem fit, and examine them, or may require answers, or return to such inquiries as they think fit to make ; (c) may require the 
production of books, papers, and documents; ( d) may administer an oath and require persons examined to sign a declaration 
of the truth of statements made by them in examination; arid ( e ) witnesses shall be allowed expenses. (4) The court must 
make a report to the Secretary of State. (5) Expenses of investigation shall be deemed to be expenses of the Secretary of 
State. (6) Any person who fails, without reasonable excuse, after having had the expenses tendered to him, to comply with 
the summons of the court, or prevents or impedes such court in the execution of its duty, shall, for every such offence, be liable 
to a fine not exceeding £10, and for failing to make any required return, or to produce any document, he shall be liable to a 
fine not exceeding £10 for every day that such failure continues.] 1 


PART II. 


51.— General Rules. 


(l) Ventilation. — (a) An adequate amount of ventilation shall he constantly produced in 
every mine, (b) A competent person or persons must before the time of commencing woik in any 
part of the mine inspect the same with a safety lamp and the roadways, and make a true report of 
the condition of the same, so far as the ventilation is concerned, and a workman must not go to work 
until such places are stated to be safe, and every such report must be recorded m a book kept for the 
purpose and signed by the person making the same. 

(4) Fencing Off Unused Places. — All entrances to places not worked, or being extended, 
must be fenced across the whole width of such entrances. 


(5) Stations.— Stations must be appointed at the entrance and different places of the mine, 
as the case may require, and a workman must not pass beyond the same until the part beyond has 
been inspected and stated to be safe. 


(6) Withdrawal of Workmen. —If any part of the mine is found to be dangerous, the men 
must be withdrawn, and the place inspected by a competent person, and no one allowed to return to 
such a part until it is pronounced safe by the responsible person, who must make his report in a 

book kept for that purposed 


(7) Safety Lamps, &c. —All lamps must be locked and examined before used in the mine, 
and no one except an authorised person shall be allowe d to unlock the same; nor shall any person 

, Section 48, Sub-section 8, reproduces ia new Act, 1886, c. 40, 8. 2, with addition of liberty for the owner, &c„ to attend, and for parties to 
be represented^ counsel, &c. , ^ ^ Rule 4 Art 1887, Rnle 7. 


‘/I 
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have in his possession any contrivance for opening such lamps (except the person appointed for such 
a purpose), or any match or apparatus for striking a light. 1 

(8) Gunpowder and Blasting. —Inflammable or explosive substances shall only be used in 
the mine underground as follows 2 : (a) Must not be stored in the mine. ( b ) Must not be taken into 
the mine except in a case containing not more than four pounds. 3 (c) A workman must only have 
in use at any one time, in any one place, one such case. ( d ) In charging holes for blasting, iron or 
steel pickers or tamping-rods or stemmers must not be used, nor for ramming either the wadding or 
the first part of the tamping or stemning on the powder. 4 (e) A charge of powder which has missed 
fire must not be unrammed. (/) It must not be taken into nor be in the possession of any person in 
the mine except in cai’tridges, and shall not be used, except under the following regulations, during 
three months after any inflammable gas has been found in such mine, namely: (1) A competent 
person, appointed for the purpose, must, before firing the shot, examine the place where it is to be 
used, and the places contiguous thereto. The shot must be fired under the direction of a com¬ 
petent man appointed for the purpose. (2) When the inflammable gas issues so freely as to show a 
blue cap on the flame in the safety lamp, it should only be used (a) .either in cases of stone drifts, 
stone-work, and sinking of shafts ; or ( b ) when the persons ordinarily employed in the mine are out 
of the mine or the part where it is used. ( g) When the mine is divided into panels, these pro¬ 
visions apply to each such panel in like manner as if it were a separate mine. 5 

(9) Water and Bore Holes.— -Where a place is likely to contain a dangerous accumulation 
of water the workings approaching such place shall not 6 exceed 8ft. in width, and there shall 
constantly be kept, at a sufficient distance, not being less than 5 yards in advance, at least one 
bore-hole near the centre of the working, with sufficient flank bore-holes on each side. 

(10—12) Man-Holes. —Underground planes, on which persons travel, &c.,must be provided 
at intervals with sufficient man-holes, &c., and these man-holes and spaces must be constantly kept 
clear. 7 


(13) Old Shafts. —The top of every unused shaft, or when used for an air shaft, must be 
securely fenced. 

(14) Entrances to Shafts. —The top, and all entrances between top and bottom of every 
working or pumping shaft, must be properly fenced. 


(15) Securing Shafts. —When the strata is unsafe, every working or pumping shaft must 
be securely cased, lined, or otherwise made secure. 

(16) Roofs and Sides. —The roofs and sides of every travelling road and working place 
must be made secure. 8 


. Aot . 1887 > hdf,?’ 9 ’ I°> ? n , d n - K 13 provided that no lamp or light other than a locked safety lamp shall be allowed or used fa) in any 
place in a mine m which there is likely to be any such quautity of inflammable gas as to render the use of naked lights dangerous or (b) in anv 
working approaching near a place in which there is likely to be an accumulation of gas. And when it is necessary to work the coal in’any part of a 
ventilating district with safety lamps, it shall not be allowable to work coal with naked lights in another part of the same ventilating district situated 
between the place where such lamps are being used and the return air-way. Wherever safety lamps are used they shall be so constructed that they 
may be safely carried against the air-current ordinarily prevailing in that part of the mine in which the lamps are for the time being in use even 
though such current should be inflammable, (i) A competent person, either at the surface or at the lamp station, must examine every lamp before it 
is taken into the mine. (n) The lamp must not be unlocked except at the station, or for the purpose of Bring a shot, in conformity with the pro¬ 
visions. Where lamps are used the position of the lamp stations for lighting or re-lighting shall not be in the return air 

2 Rule 12 in Act 1887. 

4 n X0 , ept 111 °, a j tri 4 KeS a s ‘V lre ca3e or canister containing not more thanjfre pounds, except by permission of the Secretary of State 

4 Coal or coal-dust must not be used for tamping. J 

0 In any place requiring a locked safety lamp to be used, or which is dry and dusty, no shot must be fired except under the direction of a 
competent person If in any mine inflammable gas has been reported to be present in the ventilating district in which the shot is to be fired the 
shot shall not be fired unless (1) a competent person has examined the place and found that such gas has been cleared away: (2) the explosive 
employed for firing the shot is so used with water or other contrivance as to prevent it from inflaming gas, or is of such a nAure that it cannot 
inflame gas. If the place is diy and dusty the shot shall not be fired unless (1) all places within a radius of 20 yards are at the time of firing in a 
wet state from thorough watering &c., (2) or unless the explosive is so used with water or other contrivance as to prevent it from inflaming fas or 
dust If ^chilly and dusty place is part of a main haulage-road, or is a place contiguous thereto, and showing dust adhering to the roofed sides 
no shot shall be fired unless (1) the conditions above are observed, and (2) all workmen have been removed from the seam in which the shot is to be 
fired, and from all seams communicating with the shaft on the same level, except the men engaged in firing the shot and such other persons not 
exceeding ten, as are necessarily employed m attending to the ventilating furnaces, &c. “ Ventilating district ” in this Act means such part of a seam 

as has an independent intake commencing from a man, intake air-course, and an independent return fir-way terminating at a main return air course 
and mam haulage road means a road which has been, or for the time being is, in use for moving trams by steam or Sther mechanicTpfwer No 

ebnll°be b 8 rf 1 f be * or ?* b y '"T 886 ?- lnto a ho ! e of insufficient size and, when a hole has been charged, the explosive shall not be unrammed P a nd no hole 
shall be bored for a charge at a distance of less than six inches from any hole where the charge has missed fire ’ 

0 At any point within forty yards of that place exceed,” &c. 

7 The Act, 1887, provides also that every travelling road, on which a horse or other draught animal is used underground shall be of sufficient 

dimensions to allow the horse, or other animal, to pass without rubbing against the roof or timbering S ’ 1 sutlloient 

., ‘ ^ Aot ’ ]887 > Provides that where the timbering of the working places is done by the workmen employed therein suitable timber shall be 
provided at the working place, gate end, pass bye, siding, or some other similar place in the mine convenient to the workmef &c 
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(17) Use of Different Shafts.— Employes in a mine, on giving notice, can use the down¬ 
cast shaft when such shafts are provided with an apparatus for raising and lowering persons. 

(18) Engineman. —A competent person in charge of the engine must attend for the purpose 
of working the machinery during the whole time any person is below ground in the mine. 1 

(19) Signalling.— Guides, and some proper means of signalling, must be provided in every 
working shaft. 

(20) Covers. —Sufficient cover overhead must be used 2 * when lowering or raising persons in 
the working shaft. 

(21) Chains.—A single-linked chain must not be used for raising or lowering persons in any 
working shaft or plane, except lor the short coupling chain attached to the cage or load. 

(22) Slipping of Rope on Drum. —On the drum of every machine used for raising or 
lowering persons there must be sufficient appliances to prevent 8 the rope from slipping. 

(23) Brake.—A n adequate brake must also be provided. 4 

(24) Fencing Machinery. —All dangerous parts of machinery must be securely fenced. 

(25) Gauges, &c.- —Steam boilers must be provided with a proper steam and water gauge 
and safety valve. 5 

(26) Barometer, &c.— A barometer and thermometer must be placed above ground in a 
conspicuous position near the entrance to the mine. 6 

(29) Daily Inspection.—A competent person appointed for the purpose must examine, once 
at least every 24 hours, the state of the external parts of the machinery and the state of the head-gear, 
working places, levels, planes, ropes, chains, and other works of the mine in actual use, and once at least 
in every week shall examine the state of the shafts by which persons ascend or descend, and the 
guides or conductors therein, and make a true report in a book kept for that purpose, which must be 
signed by the same person who makes the report. 

(30) Inspection of the Mine by Workmen. —The persons employed in the mine may from 
time to time appoint two of their number to inspect the mine at their own cost, who shall make a 
true report of the same in the book kept for the purpose in the mine, and sign the same. 7 

(31) Books. —All the books heretofore mentioned kept at the mine may be inspected by the 
inspector or any person employed in the mine at all reasonable times, who may take copies oi make 
extracts from the same if they desire. 

52.—SPECIAL RULES. 


In every mine rules must be formulated for the guidance of persons managing the mine, &c., 
for the prevention of dangerous accidents, and to provide for the safety and the proper discipline of 
the persons employed in or about the mine, and these rules must be signed by the inspectoi. 
Persons not complying with the special rules are guilty of an offence against the Act. 

53. New Special Rules. —New rules must be transmitted to the inspector for the 
approval of the Secretary of State. 


54 55 56. Secretary of State. —The Secretary of State may object to special rules, &c. 


This is new. 


Rule 24 in new Act reproduces section 14 of Act, 1872. 2 The new Act says, “for every cage or tub.” _ . 

The last two lines of rule 29, in Act, 1887, are new, which states, “ if the drum is conical, such other appliances as may be sufficient to 


PreVen i’ Rule 30, last two lines, which state that “ if the drum is not on the crank shaft, there shall be an adequate brake on the drum shaft,” are new. 

5 Rule 32 new Act states, “each steam boiler, whether separate or one of a range shall have attached, &o. inis is . on A 

. Rule 34 iif Art,1887, is new. It provides that, “ where persons are employed underground, ambulances or stretchers, with splints and 

bandages shall be kept at the mine ready for immediate use in case of accident.” Also m Rule 35, manhole, place of re t u S e 

bandages, T ShaU r beLeP n tatt, end i Dg ^ ^y ^ ^ ^ ^ ^ tQ ^ ingpector is new . Notice also second paragraph m Rule 37. 
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57. Publication oe Special Rules. —An abstract of tlie Act and tbe special rules must be 
posted up in legible character in some conspicuous place near tbe mine, wheie they may be 
conveniently read by the persons employed, and a printed copy of the abstract and special rules 
must be supplied gratis to each person employed in or about tbe mine who applies foi such copy at 
the office, and every copy of special rules must be kept distinct from any rules which depend only 
on the contract between the employer and the employed. 


PART III. 

This part of the Act is supplementary, and deals chiefly with penalties which concern the 
lawyer more than the manager and I have consequently omitted it. It may be well, however, to add 
the section which gives the interpretation of certain terms used in the preceding digest, as it is 
necessary that every manager should be familiar with the terminology of the Act as it affects his 
position. 

Section 72 states that in this Act, unless the context otherwise requires. 

The term mine includes every shaft in the course of being sunk, and every level and inclined 
plane in the course of being driven for commencing or opening any mine, or for searching for or 
proving minerals, and all the shafts, levels, planes, works, machinery, tramways, and sidings, both 
below ground and above ground, in and adjacent to a mine and any such shaft, level, and inclined 
plane, and belonging to the mine. 1 

The term shaft includes pit. 

The term plan includes a map and section, and a correct copy or tracing of any original plan 
as so defined. 

The term owner, when used in relation to any mine, means any person or body corporate who 
is the immediate proprietor, or lessee, or occupier of any mine, or of any part thereof, and does not 
include a person or body corporate who merely receives a royalty, rent, or fine from a mine, or is 
merely a proprietor of a mine subject to any lease, grant, or licence for the working thereof, or is 
merely the owner of the soil, and not interested in the minerals of the mine; but any contractor for 
the working of any mine or any part thereof shall be subject to this Act in like manner as if he were 
an owner, but so as not to exempt the owner from any liability. 

The term agent, when used in relation to any mine, means a person having, on behalf of the 
owner, care or direction of any mine or any part of the same, and superior to a manager appointed 
in pursuance of the Act. 1 

The term Secretary of State means one of Her Majesty’s Principal Secretaries of State. 2 

The term child means a child under the age of thirteen years. 

The term young person means a person of the age of thirteen years and under the age of 
sixteen years. 3 

I he term woman means a female of the age of sixteen years and upwards. 

1 Varied. 2 “ Treasury ” means, in the Act of 1887, the Commissioners of Her Majesty’s Treasury. 

3 “Young person” is dropped and “boy” is dehned to be a male under 16 years ; “girl” means a female under 16 years. 
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Useful Tables and Mathematical Requirements. 

TABLE OF THE WEIGHT OF COAL UNDER DIFFERENT CIRCUMSTANCES. 


Specific 

Weight in the natural 
bed, per acre, per inch 
thick in tons. 

Weight of a cubic foot in the 
broken state, in lbs. 

Gravity. 

Large Coal. 

Small Coal. 

MO 

111-411 

42-62 

37-12 

1-15 

116-475 

44-56 

38-81 

1-20 

121-540 

46-50 

40-c0 

1-25 

126-604 

48-43 

42-18 

1-30 

131-668 

50-37 

43-87 

1-35 

136-732 

52-31 

45-56 

1-40 

141-796 

54-25 

47-25 

1-45 

146-860 

56-18 

48-93 

1*50 

151-925 

58-12 

50-62 


If the figures in the second column he multiplied by the number of inches any coal seam is in thickness, the result 
will be the contents in tons per acre. 

The weight of the coal in its broken state, that is, as it comes to the surface, in tubs or otherwise, will depend on its 
largeness; it has here, however, been computed to weigh in proportion to the solid coal as 62 is to 100, and the weight of the 
small as 54 is to 100. 


TABLE SHOWING THE WEIGHT OF COAL, IN TONS, UNDER AN ACRE OF LAND, 

FROM Iin. THICK UP TO 14ft. (Fairley). 

Calculated for a Specific Gravity of 1'25, i.e., 1,250 Ounces per Cubic Foot. 


Feet. 

Inches. 

Tons. 

Feet. 

Inches. 

Tona. 

Feet. 

Inches. 

Tons. 

Feet. 

Inches. 

Tons. 

0 

1 

126-60 

3 

7 

5443-98 

7 

i 

10761-36 

10 

7 

16078-75 

0 

2 

253-20 

3 

8 

5570-58 

7 

2 

10887-96 

10 

8 

16205-35 

0 

3 

379-81 

3 

9 

5697-19 

7 

3 

11014-57 

10 

9 

16331-96 

0 

4 

506-41 

3 

10 

5823-79 

7 

4 

11141-17 

10 

10 

16458-56 

0 

5 

633-02 

3 

11 

5950-39 

7 

5 

11267-7S 

10 

11 

16585T6 

0 

6 

759-62 

4 

0 

6077-00 

7 

6 

11394-38 

11 

0 

16711-77 

0 

7 

886-23 

4 

1 

6203-60 

7 

7 

11520-99 

11 

1 

16838-37 

0 

8 

1012-83 

4 

2 

6330-20 

7 

8 

11647-59 

11 

2 

16964-97 

0 

9 

1139-44 

4 

o 

O 

6456-81 

7 

9 

11774-20 

11 

3 

17091-58 

0 

10 

1266-04 

4 

4 

6583-41 

7 

10 

11900-80 

11 

4 

17218-18 

0 

11 

1392-64 

4 

5 

6710-02 

7 

11 

12027-40 

11 

5 

17344-79 

1 

0 

1519-25 

4 

6 

6836-63 

8 

0 

12154-01 

11 

6 

17471-39 

1 

1 

1645-85 

4 

7 

6963-23 

8 

1 

12280-61 

11 

7 

17598-00 

1 

2 

1772-45 

4 

8 

7089-83 

8 

2 

12407-21 

11 

8 

17724-60 

1 

3 

1899-06 

4 

9 

7216-44 

8 

3 

12533-82 

11 

9 

17851-21 

1 

4 

2025-66 

4 

10 

7343-04 

8 

4 

12660-42 

11 

10 

17977-81 

1 

5 

2152-27 

4 

11 

7469-64 

8 

5 

12787-03 

11 

11 

18104-41 

1 

6 

2278-87 

5 

0 

7596-25 

8 

6 

12913-63 

12 

0 

18231-02 

1 

7 

2405-48 

5 

1 

7722-85 

8 

7 

13040-24 

12 

1 

18357-62 

1 

8 

2532-08 

5 

2 

7849-45 

8 

8 

13166-84 

12 

2 

18484-22 

1 

9 

2658-69 

5 

3 

7976-06 

8 

9 

13293-45 

12 

3 

18610-83 

1 

10 

2785-29 

5 

4 

8102-66 

8 

10 

13420-05 

12 

4 

18737-43 

1 

11 

2911-89 

5 

5 

8229-27 

8 

11 

13546-65 

12 

5 

18864-04 

2 

0 

3038-50 

5 

6 

8355-87 

9 

0 

13673-27 

12 

6 

18990-64 

2 

1 

3165-10 

5 

7 

8482-48 

9 

1 

13799-87 

12 

7 

19117-25 

2 

2 

3291-70 

5 

8 

8609-08 

9 

2 

13926-47 

12 

8 

19243-85 

2 

3 

3418-31 

5 

9 

8735-69 

9 

3 

14053-08 

12 

9 

19370-46 

2 

4 

3544-91 

5 

10 

8862-29 

9 

4 

14179-68 

12 

10 

19497-06 

2 

5 

3671-52 

5 

11 

8988-89 

9 

5 

14306-29 

12 

11 

19623-66 

2 

6 

3798-12 

6 

0 

9115-51 

9 

6 

14432-89 

13 

0 

19750-27 

2 

7 

3924-73 

6 

1 

9242-11 

9 

7 

14559-50 

13 

1 

19876-87 

2 

8 

4051-33 

6 

2 

9368-71 

9 

8 

14686-10 

13 

2 

20003-47 

2 

9 

4177-94 

6 

3 

9495-32 

9 

9 

14812-71 

13 

3 

20130-08 

2 

10 

4304-54 

6 

4 

9621-92 

9 

10 

14939-31 

13 

4 

20256-68 

2 

11 

4431-14 

6 

5 

9748-53 

9 

11 

15065-91 

13 

5 

20383-29 

3 

0 

4557-75 

6 

6 

9875-13 

10 

0 

15192-52 

13 

6 

20509-89 

3 

1 

4684-35 

6 

7 

10001-74 

10 

1 

15319T2 

13 

7 

20636-50 

3 

2 

4810-95 

6 

8 

10128-34 

10 

2 

15445-72 

13 

8 

20763T0 

3 

3 

4937-56 

6 

9 

10254-95 

10 

3 

15572-33 

13 

9 

20889-71 

3 

4 

5064-16 

6 

10 

10381-55 

10 

4 

15698-93 

13 

10 

21016-31 

3 

5 

5190-77 

6 

11 

10508-15 

10 

5 

15825-54 

13 

11 

21142-91 

3 

6 

5317-37 

7 

0 

10634-76 

10 

6 

15952-14 

14 

0 

21269-51 


M 
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This table will do for any weight, if the specific gravity be known, by making it a question of simple proportion thus, 

as 1-25 is to the tabular weight, so is the specific gravity to the actual weight. 

Example : How much coal is there under 12| acres of land in a seam 4ft. 3in. thick, the specific gravity of the coal 

being 1-36 ? 

Then— 12-5 x 6450-81 x 1-36 = 87812 . 02 ^ 

1-25 

This result may be ascertained without the table as follows :— 

12~5 x 4840 x 1360oz. x 27ft. x 1’4166 ' _ gyg^2 - 77 
35840oz. per ton. 


The difference is caused by the table only being carried to two places of decimals. 

If the quantity of coal contained in a seam lying at a high angle is wished to be computed, it may be done by the 
help of this table and the table of incline measure. 

For instance : How many tons of coal are there under 50 acres of land in a seam 3ft. thick, lying at an angle of 42 
degrees; weight of coal, l,250oz. per cubic foot? The quantity of coal per acre, by table, is 455775 tons. The square yards 
per acre, at 42 degrees, by table of incline measure, are 6512-9. 

Then— 4557-75 x 6512-9 x 50 = 306 6 54-65 tons. 

4840 


When it is necessai-y to make calculations of the probable quantity of coal to be worked from a given area, proper 
allowances must be made for the loss in working, and by faults and the like ; but what these allowances and deductions ought 
to be circumstances only can determine, and in making these calculations the specific gravity of the coal must be taken into 
account. 


TABLE SHOWING THE WEIGHT OF COAL, IN TONS, UNDER AN ACRE OF 

LAND, FROM Iin. THICK UP TO 14ft. 

Calculated at 19cwt. 'per Cubic Yard, or 78'815lb. per Cubic Foot. 


Feet. 

Inches. 

Tons. 

Feet. 

Inches. 

Tons. 

Feet. 

Inches. 

Tons. 

Feet. 

Inches. 

Tons. 

0 

1 

127-72 

3 

7 

5492-05 

7 

1 

10856-38 

10 

7 

16220-71 

0 

2 

255-44 

3 

8 

5619-77 

7 

2 

10984T0 

10 

8 

16348-44 

0 

3 

383-16 

3 

9 

5747-49 

7 

3 

11111-82 

10 

9 

16476T6 

0 

4 

510-88 

3 

10 

5875-21 

7 

4 

11239-54 

10 

10 

16603-88 

0 

5 

638-61 

3 

11 

6002-94 

7 

5 

11367-27 

10 

11 

16731-60 

0 

6 

766-33 

4 

0 

6130-66 

7 

6 

11494-99 

11 

0 

16859-33 

0 

7 

894-05 

4 

1 

6258-38 

7 

7 

11622-71 

11 

1 

16987-05 

0 

8 

1021-77 

4 

2 

6386-10 

7 

8 

11750-43 

11 

2 

17114-77 

0 

9 

1149-49 

4 

3 

6513-82 

7 

9 

11878T5 

11 

3 

17242-49 

0 

10 

1277-22 

4 

4 

6641 55 

7 

10 

12005-88 

11 

4 

17370-22 

0 

11 

1404-94 

4 

5 

6769-27 

7 

11 

12133-60 

11 

5 

17497-94 

1 

0 

1532-66 

4 

6 

6896-99 

8 

0 

12261-33 

11 

6 

17625-66 

1 

1 

1660-38 

4 

7 

7024-71 

8 

1 

12389-05 

11 

7 

17753-38 

1 

2 

1788-11 

4 

8 

7152-43 

8 

2 

12516-77 

11 

8 

17881T1 

1 

3 

1915-83 

4 

9 

7280-16 

8 

3 

12644-49 

11 

9 

18008-83 

1 

4 

2043-55 

4 

10 

7407-88 

8 

4 

12772-22 

11 

10 

18136-55 

1 

5 

2171-27 

4 

11 

7535-60 

8 

5 

12899-94 

11 

11 

18264-27 

1 

6 

2299-00 

5 

0 

7663-32 

8 

6 

13027-66 

12 

0 

18392-00 

1 

7 

2426-72 

5 

1 

7791 04 

8 

7 

13155-39 . 

12 

1 

18519-72 

1 

8 

2554-44 

5 

2 

7918-77 

8 

8 

13283-11 

12 

2 

18647-44 

1 

9 

2682-16 

5 

3 

8046-49 

8 

9 

13410-84 

12 

3 

18775-16 

1 

10 

2809-88 

5 

4 

8174-21 

8 

10 

13538-56 

12 

4 

18902-88 

1 

11 

2937-60 

5 

5 

8301-93 

8 

11 

13666-28 

12 

5 

19030-61 

2 

0 

3065-33 

5 

6 

8429-66 

9 

0 

13794-00 

12 

6 

19158-33 

2 

1 

3193-05 

5 

7 

8557-38 

9 

1 

13921-72 

12 

7 

19286-05 

2 

2 

3320-77 

5 

8 

8685T0 

9 

2 

14049-44 

12 

8 

19413-77 

2 

3 

3448-49 

5 

9 

8812-82 

9 

3 

14177-16 

12 

9 

19541-49 

2 

4 

3576-21 

5 

10 

8940-55 

9 

4 

14304-88 

12 

10 

19669-21 

2 

5 

3703-94 

5 

11 

9068-37 

9 

5 

14432-60 

12 

11 

19796-93 

2 

6 

3831-66 

6 

0 

9196-00 

9 

6 

14560-33 

13 

0 

19924-66 

2 

7 

3959-38 

6 

1 

9323-72 

9 

7 

14688-05 

13 

1 

20052-38 

2 

8 

4087-10 

6 

2 

9451-44 

9 

8 

14815-77 

13 

2 

20180-10 

2 

9 

4214-83 

6 

3 

9479-16 

9 

9 

14943-49 

13 

3 

20307-82 

2 

10 

4342-55 

6 

4 

9606-88 

9 

10 

15071-21 

13 

4 

20435-55 

2 

11 

4470-27 

6 

5 

9734-60 

9 

11 

15198-93 

13 

5 

20563-27 

3 

0 

4598-00 

6 

6 

9962-33 

10 

0 

15326-66 

13 

6 

20690-99 

3 

1 

4725-72 

6 

7 

10090-05 ■ 

10 

1 

15454-38 

13 

7 

20818-71 

3 

2 

4853-44 

6 

8 

10217-77 

10 

2 

15582-10 

13 

8 

20946-44 

3 

3 

4981-16 

6 

9 

10345-49 

10 

3 

15709-82 

13 

9 

21074-16 

3 

4 

5108-88 

6 

10 

10473-21 

10 

4 

15837-54 

13 

10 

21201-88 

3 

5 

5236-60 

6 

11 

10600-94 

10 

5 

15965-27 

13 

11 

21329-60 

3 

6 

5364-33 

7 

0 

10728-66 

10 

6 

16092-99 

14 

0 

21457-32 
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TABLE OF INCLINE MEASURE, 


Showing the comparative lengths of the three legs of a right-angled triangle, likewise the gravity 
due to incline , and the number of square yards to an acre, &c., for every degree of the 
quadrant, for various practical uses. 


No. of 

Inclination per Yard, 

One In. 

Horizontal Measure, 

Vertical Measure, 

Deduct links per 

Gravity due to Incline 

Square Yards per 

Degree. 

in Inches. 

Hypothenuse being 1. 

Hypothenuse being 1. 

chain. 

per ton, in lbs. 

Acre. 


2 

3 

4 

5 

fi 

7 

S 

1 

0-63 

57-29 

•99985 

•01745 

001 

39-08 

4840-72 

2 

1-26 

28-63 

•99939 

•03490 

0-06 

7848 

4842-95 

3 

1-88 

19-09 

•99863 

•05234 

0-14 

117-24 

4846-63 

4 

2-51 

14-29 

•99756 

■06976 

0-24 

156-26 

4851-83 

5 

3-15 

11-42 

•99619 

■08716 

0-38 

195-24 

4858-51 

6 

3-78 

9-51 

•99452 

-10453 

0-55 

23444 

4866-66 

7 

4-42 

8-14 

•99255 

•12187 

0-74 

272-98 

4876-32 

8 

5-06 

7-11 

•99027 

•13917 

0-97 • 

311-74 

4887-55 

9 

5-70 

6-31 

•98769 

•15643 

1-23 

35040 

4900-32 

10 

6'34 

5-67 

•98481 

•17365 

1-52 

388-97 

4914-65 

11 

6-99 

5-14 

•98163 

•19081 

1-84 

42741 

4930-57 

12 

7-65 

4-70 

•97815 

•20791 

2-19 

465-71 

4948-11 

13 

8-31 

4-33 

•97437 

■22495 

2-56 

503-88 

4967-31 

14 

8-97 

4-01 

•97030 

•24192 

2-97 

541-90 

498844 

15 

9-64 

3-73 

•96593 

•25882 

340 

579-75 

5010-71 

16 

10-32 

3-48 

•96126 

•27564 

3-87 

61743 

5035-05 

17 

11-00 

3-27 

•95630 

•29237 

4-37 

654-90 

5061-17 

18 

11-69 • 

3-07 

•95106 

•30902 

4-89 

692-20 

5089-05 

19 

12-39 

2-90 

-94552 

•32557 

545 

729-27 

5118-87 

20 

13-10 

2-74 

•93969 

•34202 

6-03 

76642 

5150-63 

21 

13-82 

2-00 

•93358 

•35837 

6-64 

802-74 

5184-34 

22 

14-54 

2-47 

•92718 

•37461 

7-28 

83942 

5220-12 

23 

15-27 

2-35 

•92050 

•39073 

7-95 

875-23 

5258-01 

24 

16-02 

2-24 

•91355 

•40674 

8-65 

911-09 

5298-01 

25 

16-78 

2-14 

•90631 

•42262 

9-37 

946-66 

5340 33 

26 

17-56 

2-05 

•89879 

•43837 

10-12 

981-94 

5385-01 

27 

18-34 

1-96 

•89101 

•45399 

10-90 

1016-93 

5432-03 

28 

19-14 

1-88 

•88295 

•46947 

11-71 

1051-61 

5481-62 

29 

19-95 

1-80 

•87462 

•48481 

12-54 

1085-97 

5533-83 

30 

20-78 

1-73 

•86602 

•5 

1340 

' 1120-00 

5588-78 

31 

21-62 

1-66 

•85717 

•51504 

14-28 

1153-68 

5646-48 

32 

22-49 

1-60 

•84805 

•52992 

1549 

1187-02 

5707-21 

33 

23-37 

1-54 

•83867 

•54464 

1643 

1219-99 

5771-04 

34 

24-28 

1-48 

•82904 

■55919 

1740 

1252-58 

5838-07 

35 

25-20 

1-42 

•81915 

•57358 

18-08 

1284-81 

5908-56 

36 

26-15 

1-37 

•80902 

•58778 

19-10 

1316-62 

5982-54 

37 

27-12 

1-32 

•79864 

•60186 

2044 

1348-05 

6060-30 

38 

28-12 

1-28 

•78801 

•61566 

21-20 

1379 07 

6142-05 

39 

29-14 

1-23 

•77715 

•62932 

22-28 

1409-67 

6228-01 

40 

30-21 

1-19 

•76604 

•64279 

2340 

1439-84 

6318-20 

41 

31-29 

1-15 

•75471 

•65606 

24-53 

1469-57 

6413-05 

42 

32-41 

1-11 

•74314 

•66913 

25-69 

1498-85 

6512-90 

43 

33-56 

1-07 

•73135 

•68200 

26-86 

1527-68 

6617-89 

44 

34-76 

1-03 

•71934 

•69466 

28 07 

1556-03 

6728-38 

45 

36-00 

1-00 

•70711 

•70711 

29-29 

1583-92 

6844-76 

46 

37-27 

■96 

•69466 

•71934 

30-53 

1611-32 

6967-43 

47 

38-60 

•93 

•68200 

•73135 

31-80 

1638-22 

7096-77 

48 

39-98 

•90 

•66913 

•74314 

33-09 

1664-63 

7233-27 

49 

41-41 

•87 

•65606 

•75471 

34-39 

1690-55 

7377-37 

50 

42-90 

•84 

•64279 

•76604 

35 72 

1715-92 

7529-67 

51 

44-46 

•81 

•62932 

•77715 

37-07 

1740 81 


52 

46-07 

•75 

•61566 

•78801 

3843 

176544 

© 

> 

53 

47-77 

•73 

•60181 

•79864 

39-82 

1788-95 

O 

rQ 

54 

49-54 

•70 

•58778 

•80902 

41-22 

1812-20 

ci 

55 

51-41 

•67 

•57358 

•81915 

42-64 

1834-89 


56 

53-36 

•65 

•55919 

•82904 

44-08 

1857-04 


57 

55-44 

•62 

•54464 

•83867 

45-54 

1878-62 

> 

o g 

58 

57-61 

•62 

•52992 

•84805 

47-01 

1899-63 

59 

59-92 

■60 

•51504 

•85717 

48-50 

1920-06 

~ Eb 

60 

62-35 

•58 

•5 

•86602 

50-00 

1939-88 

o 

u -d 

61 

64-94 

•55 

•48481 

•87462 

61-52 

195944 

w o 

62 

67-69 

•53 

•46947 

•88295 

53-05 

1977-80 

a> 10 
o 

63 

70-65 

•51 

•45399 

•89101 

54-60 

1995-86 

P P 

64 

73-80 

•49 

•43837 

•89879 

5646 

2013-28 

P rO 

65 

77-20 

•47 

•42262 

•90631 

57-74 

2030-13 


66 

80-86 

•45 

■40674 

•91355 

59-33 

2046-35 

w 

p 

67 

84-81 

•42 

•39073 

•92050 

60-93 

2061-92 


68 

89-10 

•40 

•37461 

•92718 

62-54 

2076-88 

o 

69 

93-77 

•38 

•35837 

•93358 

6446 

2091-21 

ID 

70 

98-91 

•36 

•34202 

•93969 

65-80 

2104-90 


71 

104-53 

•34 

•32557 

•94552 

6744 

2117-96 
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Table op Incline Measure— Continued. 




One In. 

Horizontal Measure, 

Vertical Measure, 
Hypothenuse being 1. 

Deduct links per 

Gravity due to Incline 

Square Yards per 

Degree. 

in Inches. 

Hypothenuse being 1. 

chain. 

per ton, in lbs. 

Acre. 

1 

2 

3 

4 

5 

6 

7 

8 

72 

110-80 

•32 

•30902 

•95106 

69-10 

2130-37 


73 

117-73 

•31 

•29237 

•95630 

70-76 

2140-11 

.TO 

74 

125-56 

•29 

•27564 

•96126 

72-44 

2153-22 


75 

134-37 

•27 

•25882 

•96593 

74-12 

2163-68 

> 

76 

144-40 

•25 

•24192 

•97030 

75-81 

2173-47 

60 § 

77 

155-90 

•23 

•22495 

•97437 

77-50 

2182-58 

H £ 

78 

169-36 

•21 

•20791 

•97815 

79-21 

2191-05 

O) 

79 

185-20 

•19 

■19081 

•98163 

80-92 

2198-85 

m c~\ 

80 

204-10 

•18 

•17365 

•98481 

82-63 

2205-97 

CD *0 

o 

81 

227-34 

■16 

•15643 

•98769 

84-36 

2212-42 

QJ jj 

g s 

82 

256-11 

■14 

•13917 

■99027 

86-08 

2218-20 

5 o 

P 03 

83 

293-13 

•12 

•12187 

•99253 

87-81 

2223-26 


84 

342-60 

•10 

■10453 

•99452 

89-55 

2227-72 

2 CD 

85 

411-27 

•09 

•08716 

•99619 

91-28 

2231-46 

O o 

86 

514-52 

•07 

•06976 

•99756 

93-02 

2234-53 

O 

87 

_ 

— 

•05234 

•99863 

94-77 

2236-93 

.2 

88 

_ 

— 

•03490 

•99939 

96-51 

2238-63 

-(-3 

89 

— 

— 

•01745 

•99985 

98-25 

2239-66 



REMARKS ON THE CONSTRUCTION AND APPLICATION OF THE FOREGOING TABLE. 

Column 1.—This is the amount of the angle which inclined planes make with the horizon, and is found sometimes 
with the compass-cover and a small plummet; more correctly with a quadrant attached to the compass for the purpose, but 
most accurately by a theodolite. 

Column 2 gives the expression of the amount of elevation in phraseology more familiar to many colliery agents than 
“ degrees; ” for, when speaking of the amount of the rise of underground roads, they generally say they rise so much per yard. 

Column 3.—This is only another way of expressing the amount of the gradient, and is obtained by dividing the 
horizontal measure by the vertical rise. 

Column 4.—The figures given in this column show the length of the cosine, radius being unity; or, in other words, 
the length of the base of a right-angled triangle, the hypothenuse being one. Therefore, in order to obtain the length of the 
horizontal measure, when the hypothenuse and angle have been obtained, say, 

As 1 : cosine :: hypothenuse : base; 

or multiply the hypothenusal measure by the figures in this column, and the result will be the horizontal measure. 

Example : I took a sight up an incline rising 35°, and the distance on the slant was 870 links; what is the horizontal 
measure—which is the proper distance to be plotted? 

Opposite 35 in the fourth column I find -81915; this multiplied by 870 = 712-66 or 712f links nearly. 

The same result may be obtained by deducting the proper number of links per chain, as given in column 6. 

Column 5.—The figures in this column show the length of the sine, radius being one, or the length of the perpen¬ 
dicular of a right-angled triangle, hypothenuse being unity; therefore, to ascertain the amount of rise on an incline, the 
elevation and slant distance being given, say, 

As 1 : sine :: hypothenuse : perpendicular; 

or, multiply the slant measure by the figures in this column opposite the number of degrees. 

Example : What is the vertical rise of an incline whose angle is 36°, and slant distance 400 links? 

400 x -58778 = 235T12 links, 
or, 235-112 x 7'92 = 155ft. 2in. 

For the explanation of the manner of forming a table of natural sines, cosines, &c., see any treatise on plane trigonometry. 
It may be asked why we have extended the table beyond 45°, when it is so well understood that the cosines of 46°, 47°, 48°, 
&c., are always the same as the sines of 44°, 43°, 42°, &c., respectively. We think that by doing so we simplify matters, and, 
besides, it is necessary for showing the figures in columns 2, 3, 6, 7, and 8. 

Column 6.—The number of links to be deducted in a chain, given in this column, has been found thus :— 

100 - ^ os ^ ne x 100 

and the reason will be apparent from what has already been said. 

Column 7.—A body on an inclined plane will be supported by a weight which bears the same proportion to it that the 
height does to the length of the plane. Thus at an angle of 28° we have the length and height of the plane in the proportion 
of 1 to -46947, therefore the weight that would support, say, 2,2401b. at this angle would be 

As 1 : -46947 :: 2240 : 1051-61. 

This is what we have called the “gravity due to incline ” in the table. The weight shown has been obtained by multiplying 
the number of pounds in a ton by the sine of the different angles. These figures will be found of some use in the case of 
slants, where, for instance, coal is pulled up an inclined plane by means of a stationary engine and a rope. 

Example : The weight of the tubs, coals, rope, &c., which is pulled up a slant whose angle is 26°, amounts to 70cwt.; 
to how much weight is this equivalent pulled up vertically, or what is the working load of the rope, independent of friction« 

70cwt.= 7,8401b. 

Opposite angle 26°, in column 7, we find 981-94. 

Then, as 2240 : 981-94 :: 7840 : 34371b., or 30cwt. 2qr. 211b. 

Then, by referring to a “Table of the Weight and Strength of Ropes,” we shall ascertain the size of rope required 
for this work according to the maker’s rule. (Due allowance must be made for friction, &c.) 

Column 8.—Everybody knows that there are 4,840 square yards in a statute acre; but in the case of property lying 
obliquely, which is not unfrequently the case with coal seams, there is plainly an increase of superficial measure under a 
given area in proportion to the angle of elevation, so that the number of square yards in an acre of coal depends on the 
declivity. 
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TABLE FOR ASCERTAINING THE WEIGHT OF COAL CONTAINED IN COAL-HEAPS, 
WHEN THE NUMBER OF CUBIC YARDS IS KNOWN. 


Yards. 

Tons. 

Yards. 

Tons. 

Yards. 

Tons. 

Yards. 

Tons. 

1 

■6 

78 

46-8 

155 

93-0 

232 

139-2 

2 

1-2 

79 

47-4 

156 

93-6 

233 

139-8 

3 

1-8 

80 

48-0 

157 

94-2 

234 

140-4 

4 

2-4 

81 

48-6 

158 

948 

235 

141-0 

5 

3-0 

82 

49-2 

159 

95-4 

236 

141-6 

6 

3-6 

83 

49-8 

160 

96-0 

237 

142-2 

7 

4-2 

84 

50-4 

161 

96-6 

238 

142-8 

8 

4-8 

85 

51-0 

162 

97-2 

239 

143-4 

9 

5-4 

86 

51-6 

163 

97-8 

240 

144-0 

10 

6-0 

87 

52-2 

164 

98-4 

241 

144-6 

11 

6-6 

88 

52-8 

165 

99-0 

242 

145-2 

12 

7-2 

89 

53-4 

166 

99-6 

243 

145-8 

13 

7-8 

90 

54-0 

167 

100-2 

244 

146-4 

14 

8-4 

91 

54-6 

168 

100-8 

245 

147-0 

15 

9-0 

92 

55-2 

169 

101-4 

246 

147-6 

16 

9-6 

93 

55-8 

170 

102-0 

247 

148-2 

17 

10-2 

94 

56-4 

171 

102-6 

248 

148-8 

18 

10-8 

95 

57-0 

172 

103-2 

249 

149-4 

19 

11-4 

96 

57-6 

173 

103-8 

250 

150-0 

20 

12-0 

97 

58-2 

174 

104-4 

251 

150-6 

21 

12-6 

98 

58-8 

175 

105-0 

252 

151-2 

22 

13-2 

99 

59-4 

176 

105-6 

253 

151-8 

23 

13-8 

100 

60-0 

177 

106-2 

254 

152-4 

24 

14-4 

101 

60-6 

178 

106-8 

255 

153-0 

25 

15-0 

102 

61-2 

179 

107-4 

256 

153-6 

26 

15-6 

103 

61-8 

180 

108-0 

257 

154-2 

27 

16-2 

104 

62'4 

181 

108 6 

258 

154-8 

28 

16-8 

105 

630 

182 

109-2 

259 

165-4 

29 

17-4 

106 

63-6 

183 

109-8 

260 

156-0 

30 

18-0 

107 

64-2 

184 

110-4 

261 

156-6 

31 

18-6 

108 

64-8 

185 

111-0 

262 

157-2 

32 

19-2 

109 

65-4 

186 

111-6 

263 

157-8 

33 

19-8 

110 

66-0 

187 

112*2 

264 

158-4 

34 

20'4 

111 

66-6 

188 

112-8 

265 

159-0 

35 

21-0 

112 

67-2 

189 

113-4 

266 

159-6 

36 

21-6 

113 

67-8 

190 

114-0 

267 

160-2 

37 

22-2 

114 

68 -4 

191 

114-6 

268 

160-8 

38 

22-8 

115 

69-0 

192 

115-2 

269 

161-4 

39 

23-4 

116 

69-6 

193 

115-8 

270 

162-0 

40 

24-0 

117 

70-2 

194 

116-4 

271 

162-6 

41 

24 6 

118 

70-8 

195 

117 0 

272 

163-2 

42 

25-2 

119 

71-4 

196 

117-6 

273 

163-8 

43 

25-8 

120 

72-0 

197 

118-2 

274 

164-4 

44 

26-4 

121 

72-6 

198 

118-8 

275 

165-0 

45 

27-0 

122 

73-2 

199 

119-4 

276 

165-6 

46 

27-6 

123 

73-8 

200 

120-0 

277 

166-2 

47 

28-2 

124 

74-4 

201 

120-6 

278 

166-8 

48 

28-8 

125 

75-0 

202 

121-2 

279 

167-4 

49 

29'4 

126 

75-6 

203 

121-8 

280 

168-0 

50 

30'0 

127 

76-2 

204 

122-4 

281 

168-6 

51 

30'6 

128 

76-8 

205 

123-0 

282 

169-2 

52 

31’2 

129 

77-4 

206 

123-6 

283 

169-8 

53 

31-8 

130 

78'0 

207 

124-2 

284 

170-4 

54 

32-4 

131 

78-6 

208 

124-8 

285 

171-0 

55 

33-0 

132 

79-2 

209 

125-4 

286 

171-6 

56 

33-6 

133 

79-8 

210 

126*0 

287 

172-2 

57 

34-2 

134 

80-4 

211 

126*6 

288 

172-8 

58 

34-8 

135 

81-0 

212 

127-2 

289 

173-4 

59 

35-4 

136 

81-6 

213 

127-8 

290 

174-0 

60 

36-0 

137 

82-2 

214 

128-4 

291 

174-6 

61 

36'6 

138 

82'8 

215 

129-0 

292 

175-2 

62 

37’2 

139 

83-4 

216 

129-6 

293 

175-8 

63 

37'8 

140 

84-0 

217 

130-2 

294 

176-4 

64 

38-4 

141 

84-6 

218 

130-8 

295 

177-0 

65 

39'0 

142 

85-2 

219 

131-4 

296 

177-6 

66 

39'6 

143 

85-8 

220 

132-0 

297 

178-2 

67 

40-2 

144 

86-4 

221 

132-6 

298 

178-8 

68 

40-8 

145 

87-0 

222 

133-2 

299 

179-4 

69 

41-4 

146 

87-6 

223 

133-8 

300 

180-0 

70 

42-0 

147 

88-2 

224 

134-4 

301 

180-6 

71 

42-6 

148 

88-8 

225 

135-0 

302 

181-2 

72 

43-2 

149 

89-4 

226 

135*6 

303 

181-8 

73 

43-8 

150 

90-0 

227 

136-2 

304 

182-4 

74 

44-4 

151 

90-6 

228 

136-8 

305 

183-0 

75 

45-0 

152 

91-2 

229 

137-4 

306 

183-6 

76 

45-6 

153 

91-8 

230 

138-0 

307 

184-2 

77 

46-2 

154 

92-4 

231 

138-6 

308 

184-8 
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Table eor Ascertaining the Weight of Coal Contained in Coal-Heaps, when the 
Number of Cubic Yards is Known— Continued. 


Note.— The 


Yards. 

Tons. 

Yards. 

Tons. 

Yards. 

Tons. 

Yards. 

Tons. 

309 

185-4 

382 

229-2 

455 

273-0 

640 

384-0 

310 

I86 0 

383 

229-8 

456 

273-6 

645 

387-0 

311 

186-6 

384 

230-4 

457 

274-2 

650 

390-0 

312 

. 187-2 

385 

231-0 

458 

274-8 

655 

393-0 

313 

187-8 

386 

231-6 

459 

275-4 

660 

396-0 

314 

188-4 

387 

932*2 

460 

276-0 

665 

399-0 

315 

189-0 

388 

232-8 

461 

276-6 

670 

402-0 

316 

189-6 

389 

233-4 

462 

277-2 

675 

405-0 

317 

190-2 

390 

234-0 

463 

277-8 

680 

408-0 

318 

190-8 

391 

234-6 

464 

278-4 

685 

411-0 

319 

191-4 

392 

235-2 

465 

279-0 

690 

414-0 

320 

192-0 

393 

235-8 

466 

279-6 

695 

417-0 

321 

192-6 

394 

236-4 

467 

280-2 

700 

420-0 

322 

193-2 

395 

237-0 

468 

280-8 

705 

423-0 

323 

193-8 

396 

237-6 

469 

281-4 

710 

426-0 

324 

194-4 

397 

238-2 

470 

282-0 

715 

429-0 

325 

195-0 

398 

238-8 

471 

282-6 

720 

432-0 

326 

195-6 

399 

239-4 

472 

283-2 

725 

435-0 

327 

196-2 

400 

240-0 

473 

283-8 

730 

438-0 

328 

196-8 

401 

240-6 

474 

284-4 

735 

441-0 

329 

197-4 

402 

241-2 

475 

285-0 

740 

444-0 

330 

198-0 

403 

241-8 

476 

285-6 

745 

447-0 

, 331 

198-6 

404 

242-4 

477 

286-2 

750 

450-0 

332 

199-2 

405 

243-0 

478 

286-8 

755 

453-0 

333 

199-8 

406 

243-6 

479 

287-4 

760 

456-0 

334 

200-4 

407 

244-2 

480 

288-0 

765 

459-0 

335 

201-0 

408 

244-8 

481 

289-6 

770 

462-0 

336 

201-6 

409 

245-4 

482 

289-2 

775 

465-0 

337 

202-2 

410 

246-0 

483 

290-8 

780 

468-0 

338 

202-8 

411 

246-6 

484 

291-4 

785 

471-0 

339 

203-4 

412 

247-2 

485 

291-0 

790 

474-0 

340 

204-0 

413 

247-8 

486 

292-6 

795 

477-0 

341 

204-6 

414 

248-4 

487 

292-2 

800 

480-0 

342 

205-2 

415 

249-0 

488 

293-8 

805 

483-0 

343 

205-8 

416 

249-6 

489 

294-4 

810 

486-0 

344 

206-4 

417 

250.2 

490 

294-0 

815 

489-0 

345 

207-0 

418 

250-8 

491 

294-6 

820 

492-0 

346 

207-6 

419 

251-4 

492 

295-2 

825 

495-0 

347 

208-2 

420 

252-0 

493 

295-8 

830 

498-0 

348 

208-8 

421 

252-6 

494 

296-4 

835 

501-0 

349 

209-4 

422 

253-2 

495 

297-0 

840 

504-0 

350 

210-0 

423 

253-8 

496 

297-6 

845 

507-0 

351 

210-6 

424 

254-4 

497 

298-2 

850 

510-0 

352 

211-2 

425 

255-0 

498 

298-8 

855 

513-0 

353 

211-8 

426 

255-6 

499 

299-4 

860 

516-0 

354 

212-4 

427 

256-2 

500 

300-0 

865 

519-0 

355 

213-0 

428 

256-8 

505 

303-0 

870 

522-0 

356 

213-6 

429 

257-4 

510 

306-0 

875 

525-0 

357 

214-2 

430 

258-0 

515 

309-0 

880 

528-0 

358 

214-8 

431 

258-6 

520 

312-0 

885 

531-0 

359 

215-4 

432 

259-2 

525 

315-0 

890 

534-0 

360 

216-0 

433 

259-8 

530 

318-0 

895 

537-0 

361 

216-6 

434 

260-4 

535 

321-0 

900 

540-0 

362 

217-2 

435 

261-0 

540 

324-0 

905 

543-0 

363 

217-8 

436 

261-6 

545 

327-0 

910 

546-0 

364 

218-4 

437 

262-7 

550 

330-0 

915 

549-0 

365 

219-0 

438- 

262-8 

555 

333-0 

920 

552-0 

366 

219-6 

439 

263-4 

560 

336-0 

925 

555-0 

367 

' 220-2 

440 

264-0 

565 

339-0 

930 

558-0 

368 

220-8 

441 

264-6 

570 

342-0 

935 

561-0 

369 

221-4 

442- 

265-2 

575 

345-0 

940 

564-0 

370 

222-0 

443 

265-8 

580 

348-0 

945 

567-0 

371 

222-6 

444 

266-4 

585 

311-0 

950 

570-0 

372 

223-2 

445 

267-0 

590 

354-0 

955 

573-0 

373 

223-8 

446- 

267-6 

595 

357-0 

960 

576-0 

374 

224-4 

447 

268-2 

600 

360-0 

965 

579-0 

3< 5 

225-0 

448 

268-8 

605 

363-0 

970- 

582-0 

376 

225-6 

449 

269-4 

610 

366-0 

975 

585-0 

377 

226-2 

450 

270-0 

615 

369-0 

980 

588-0 

378 

226-8 

451 

270-6 

620 

372-0 

985 

591-0 

379 

227-4 

452 

271-2 

625 

375-0 

990 

594-0 

380 

228-0 

453. 

271-8 

630 

378-0 

995 

597-0 

381 

228-6 

454 

272-4 

635 

381-0 

1000 

600-0 


, . , , . -Through Coal is assumed to weigh 12cwt. per cubic yard. The way to find the number of cubic 

m A Coa 10 ta ^ e ^he length, the average depth and width, all in feet. Multiply these together, and divide 
i? ' , nL T0S , U . . * , 0 l"* 16 cu l’ie yards. In measuring quarries and coal-heaps, the measurer will find many irregular 

figures for ascertaining the contents, of which we cannot give any particular rules. 
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TABLE OF CIRCUMFERENCES, AREAS, &c., OF CIRCLES. 


Dia. 

Circumference. 

Area. 

Side of Equal 
Square. 

Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

■|in. 

•3927 

■0122 

■1107 

Sin. 

i 

25-132 

25-515 

50- 265 

51- 848 

7-0897 

7-2005 

i 

■7854 

•0490 

•2215 

i 

25-918 

53-456 

7-3112 

f 

1-1781 

■1104 

•3323 

| 

26-310 

55-088 

7-4220 


1-5708 

•1963 

■4431 

J 

26-703 

56-745 

7-5328 

f 

1-9635 

•5068 

■5539 

A 

27-096 

58-426 

7-6436 

4 

■£ 

2-3562 

•4417 

•6646 

f 

27-489 

60-132 

7-7544 

2-7489 

•6013 

•7754 

I 

27-881 

61-862 

7-8651 

lin. 

3-1416 

•7854 

•8862 

9 in. 

28-274 

63-617 

7-9760 


3-5343 

•9940 

•9969 

i 

28-667 

65-396 

8-0866 

1 

3-9270 

1-2271 

1-1077 

i 

29-059 

67-200 

8-1974 

3. 

4-3197 

1-4848 

1-2185 

f 

29-452 

69-029 

8-3081 

1 

A 

4-7124 

1-7671 

1-3293 

i 

29-845 

70-882 

8-4190 

5-1051 

2-0739 

1-4401 

f 

30-237 

72-759 

8-5297 

1 

5-4978 

2-4052 

1-5508 

f 

30-630 

74-662 

8-6405 

8 

5-8905 

2-7611 

1-6616 

I 

31-023 

76-588 ■ 

8-7513 

2in. 

6-2832 

3-1416 

1-7724 

10in. 

31-416 

78-540 

8-8620 

£ 

6-6759 

3-5465 

1-8831 

i 

31-808 

80-515 

8-9728 

i 

4 

* 

4 

7-0686 

3-9760 

1-9939 

i 

32-201 

82-516 

9-0836 

7-4613 

4-4302 

2-1047 

f 

32-594 

84-540 

9-1943 

7-8540 

4-9087 

2-2155 

i 

32-986 

86-590 

9-3051 

8-2467 

5-4119 

2-3262 

| 

33-379 

88-664 

9-4159 

4 

4 

8-6394 

5-9395 

2-4370 

| 

33-772 

90-762 

9-5267 

9-0321 

6-4918 

2-5478 

¥ 

34-164 

92-S85 

9-6375 

3in. 

9-4248 

7-0686 

2-6586 

llin. 

34-557 

95-033 

9-7482 

4 

4 

f 

4 

4 

9-8175 

7-6699 

2-7694 

i 

34-950 

97-205 

9-8590 

10-210 

8-2957 

2-8801 

i 

35-343 

99-402 

9-9698 

10-602 

8-9462 

2-9909 

f 

35-735 

101-623 

10-080 

10-995 

9-6211 

3-1017 

h 

36-128 

103-869 

10-191 

11-388 

10-320 

3-2124 

| 

36-521 

106-139 

10-302 

4 

4 

11-781 

11-044 

3-3232 

| 

36-913 

108-434 

10-413 

12-173 

11-793 

3-4340 

! 

37-306 

110-753 

10-523 

4in. 

12-566 

12-566 

3-5448 

12in. 

37-699 

113-097 

10-634 

4 

4 

4 

4 

5. 

12-959 

13-364 

3-6555 

i 

38-091 

115-466 

10-745 

13-351 ‘ 

14-186 

3-7663 


38-484 

117-859 

10-856 

13-744 

15-033 

3-8771 

| 

38-877 

120-276 

10-966 

14-137 

15-904 

3-9880 

1 

39-270 

122-718 

11-077 

14-529 

16-800 

4-0987 

£ 

39-662 

125-184 

11-188 

f 

I 

14-922 

17-720 

4-2095 

| 

40-055 

127-676 

11-299 

15-315 

18-665 

4-3202 


40-448 

130-192 

11-409 

5in. 

15-708 

19-635 

4-4310 

13in. 

40-840 

132-732 

11-520 

4 

A 

16-100 

20-629 

4-5417 

i 

41-233 

135-297 

11-631 

16-493 

21-647 

4-6525 

i 

41-626 

137-886 

11-742 

4 

4 

I 

4 

1 

8 

16-886 

22-690 

4-7633 

42-018 

140-500 

11 -853 

17-278 

23-758 

4-8741 

I 

42-411 

143-139 

11-963 

17-671 

24-850 

4-9848 

£ 

42-804 

145-802 

12-074 

18-064 

25-967 

5-0956 

I 

43-197 

148-489 

12-185 

18-457 

27-108 

5-2064 

8 

43-589 

151-201 

12-296 

6 in. 

18-849 

28-274 

5-3172 

14in. 

43-982 

153-938 

12-406 

4 

4 

a 

19-242 

29-464 

5-4280 

i 

44-375 

156-699 

12-517 

19-635 

30-679 

5-5388 

i 

44-767 

159-485 

12-628 

20-027 

31-919 

5-6495 

£ 

45-160 

162-295 

12-739 

8 

4 

4 

20-420 

33-183 

5-7603 

| 

45-550 

165-130 

12-850 

20-813 

34-471 

5-8711 

£ 

45-945 

167-989 

12-960 

8 

4 

8 

21-205 

35-784 

5-9819 

| 

46-338 

170-873 

13-071 

21-598 

37-122 

6-0927 

1 

46-731 

173-782 

13-182 

7in 

21-991 

38-484 

6-2034 

15in. 

47-124 

176-715 

13-293 

4 

4 

4 

4 

4 

22-383 

39-871 

6-3142 

i 

47-516 

179-672 

13-403 

22-776 

41-282 

6-4350 

i 

47-909 

182-654 

13 *514 

23-169 

42-718 

6-5358 

| 

48-302 

185-661 

13-625 

23-562 

44-178 

6-6465 

| 

48-694 

188-692 

13-736 

23-954 

45-663 

6-7573 

49-087 

191-748 

13-847 

8 

4 

4 

24-347 

47-173 

6-8681 

t 

49-480 

194-828 

13-957 

24-740 

48-707 

6-9789 

1 

49-872 

197-933 

14-068 
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Table of Circumferences, Areas, &c., of Circles— Continued. 


Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

16in. 

50-265 

201-062 

14-179 . 

i 

50-658 

204-216 

14-290 

i 

51-051 

207-394 

14-400 

I 

51-443 

210-597 

14-511 

i 

51-836 

213-825 

14-622 

£ 

8 

52-229 

217-077 

14-732 


52-621 

220-353 

14-843 

t 

53-014 

223-654 

14-954 

17in. 

53-407 

226-980 

15-065 

i 

53-799 

230-330 

15-176 

i 

54-192 

233-705 

15-286 

f 

54-585 

237-104 

15-397 

i 

54-978 

240-528 

15-508 

t 

55-370 

243-977 

15-619 

f 

55-763 

247-450 

15-730 

& 

56-156 

250-947 

15-840 

18in. 

56-548 

254-469 

15-951 

i 

57-941 

258-016 

16-062 

i 

57-334 

261-587 

16-173 

1 

57-726 

265-182 

16-283 

i 

58-119 

268-803 

16-394 


58-512 

272-447 

16-505 


58-905 

276-117 

16-616 

i 

59-297 

279-811 

16-727 

19in. 

59-690 

283-529 

16-837 

i 

60-083 

287-272 

16-948 

i 

60-475 

291-039 

17-060 

t 

60-868 

294-831 

17-170 

i 

61-261 

298-648 

17-280 

£ 

8 

61-653 

302-489 

17-391 

1 

62-046 

306-355 

17-502 

1 

62-439 

310-245 

17-613 

20in. 

62-832 

314-160 

17-724 

i 

63-224 

318-099 

17-834 

i 

63-617 

322-063 

17-945 

1 

64-010 

326-051 

18-056 

i 

64-402 

330-064 

18-167 

■t 

64-795 

334-101 

18-277 

£ 

65-188 

338-163 

18-388 

¥ 

65-580 

342-250 

18-499 

21in. 

65-973 

346-361 

18-610 

i 

66-366 

350-497 

18-721 

i 

66-759 

354-657 

18-831 

t 

67-151 

358-841 

18-942 

4 

67-544 

363-051 

19-053 

I 

67-937 

367-284 

19-164 

f 

68-329 

371-543 

19-274 

1 

68-722 

375-826 

19-385 

2 2 in. 

69-115 

380-133 

19-496 

8 

69-507 

384-465 

19-607 

i 

69-900 

388-822 

19-718 

$ 

70-293 

393-203 

19-828 


70-686 

397-608 

19-939 

£ 

8 

71-078 

402-038 

20-050 

f 

71-471 

406-493 

20-161 


71-864 

410-972 

20-271 

23in. 

72-256 

415-476 

20-382 

i 

72-649 

420-004 

20-493 

i 

73-042 

424-557 

20-604 

1 

73-434 

429-135 

20-715 

A 

73-827 

433-731 

20-825 

1- 

74-220 

438-363 

20-936 


74-613 

443-014 

21-047 

* 

75-005 

447-699 

21-158 

24in. 

75-398 

452-390 

21-268 

i 

75-791 

457-115 

21-379 

1 

76-183 

461-864 

21-490 

1 

76-576 

466-638 

21-601 


Diameter. 

Cirumference. 

Area. 

Side of Equal 
Square. 

iin. 

76-969 

471-436 

21-712 

A 

77-361 

476-259 

21-822 

| 

77-754 

481-106 

21-933 

1 

78-147 

485-978 

22-044 

25in. 

78-540 

490-875 

22-155 

i 

78-932 

495-796 

22-265 

i 

79-325 

500-741 

22-376 

f 

79-718 

505-711 

22-487 

i 

80-110 

510-706 

22-598 


80-503 

515-725 

22-709 


80-896 

520-769 

22-819 

1 

81-288 

525-837 

22-930 

26in. 

81-681 

530-930 

23-041 

i 

82-074 

536-047 

23-152 

i 

82-467 

541-189 

23-262 

f 

82-859 

546-356 

23-373 

i 

83-252 

551-547 

23-484 

A 

83-645 

556-762 

23-595 


84-037 

562-002 

23-708 


84-430 

567-267 

23-816 

2 7 in. 

84-823 

572-556 

23-927 

i 

85-215 

577-870 

24-038 

i 

85-608 

583-208 

24-149 

1 

86-001 

588-571 

24-259 

i 

86-394 

593-958 

24-370 * 

I 

86-786 

599-370 

24-481 

1 

87-179 

604-807 

24-592 

1 

87-572 

610-268 

24-703 

28in. 

87-964 

615-753 

24-813 

i 

88-357 

621-263 

24-924 

i 

88-750 

626-798 

25-035 

£ 

89-142 

632-357 

25-146 

i 

89-535 

637-941 

25-256 

1 

89-928 

643-594 

25-367 

1 

90-321 

649-182 

25-478 


90-713 

654-839 

25-589 

29in. 

91-106 

660-521 

25-699 

i 

91-499 

666*227 

25-810 

i 

91-891 

671-958 

25-921 

* 

92-284 

677-714 

26-032 

l 

92-677 

683-494 

26-143 

1 

93-069 

689-298 

26-253 


93-462 

695-128 

26-364 

t 

93-855 

700-981 

26-478 

30 in. 

94-248 

706-860 

26-586 

i 

94-640 

712-762 

26-696 

i 

95-033 

• 718-690 

26-807 

f 

95-426 

724-641 

26-918 

1 

2 

95-818 

730-618 

27-029 

JL 

8 

96-211 

736-619 

27-139 


96-604 

742-644 

27-250 


96-996 

748-694 

27-361 

31in. 

97-389 

754-769 

27-472 

i 

97-782 

760-868 

27-583 

i 

98-175 

766-992 

27-693 

8 

98-567 

773-140 

27-804 

i 

98-968 

779-313 

27-915 


99-353 

785-510 

28-026 

f 

99-745 

791-732 

28-136 

* 

100-138 

797-978 

28-247 

32in. 

100-531 

804-249 

28-358 

i 

100-924 

810-545 

28-469 

i 

101-316 

816-865 

28-580 

1 

101-709 

823-209 

28-691 

i 

102-102 

829-578 

28-801 

5. 

8 

102-494 

835-972 

28-912 

f 

102-887 

842-390 

29-023 

t 

103-280 

848-833 

29-133 
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Table of Circumferences, Areas, &c., of Circles— Continued. 


Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

3 3 in. 

103-672 

855-30 

29-244 

41 Jin. 

130-376 

1352-65 

36-777 

£ 

104-055 

861-79 

29-355 

| 

130-769 

1360-81 

36-888 

i 

104-458 

868-30 

29-466 

| 

131-161 

1369-00 

36-999 

f 

104- 850 

105- 243 

874-84 

881-41 

29-577 

29-687 

1 

131-554 

1377-21 

37-109 

f 

105-636 

888-00 

29-798 

42in. 

131-947 

1385-44 

37-220 

3 

106-029 

894-61 

29-909 

£ 

132-339 

1393-70 

37-331 

1 

106-421 

901-25 

30-020 

i 

3 

132- 732 

133- 125 
133-518 

1401-98 

1410-29 

1418-62 

37-442 

37-552 

37-663 

34in. 

106-814 

907-92 

30-131 

8 

1 

2 

i 

107-207 

914-61 

30-241 

A 

133-910 

1426-98 

37-774 

i 

107-599 

921-32 

30-352 


134-303 

1435-36 

37-885 

t 

£ 

107- 992 

108- 385 

928-06 

934-82 

30-463 

30-574 

7 

8 

134-696 

1443-77 

37-996 

1 

108-777 

941-60 

30-684 

43in. 

135-088 

1452-20 

38-106 

109-170 

948-41 

30-795 

i 

135-481 

1460-65 

38-217 

I 

109-563 

955-25 

30-906 

1 

135- 874 

136- 266 

1469-13 

1477-63 

38-328 

38-439 

35in. 

109-956 

962-11 

31-017 

i 

136-659 

1486-17 

38-549 

£ 

110-348 

968-99 

31-128 

A 

137-052 

1494-72 

38-660 

i 

110-741 

975-90 

31-238 

f 

137-445 

1503-30 

38-771 

I 

i 

111-134 

111-526 

982-84 

989-80 

31-349 

31-460 

1 

137-837 

1511-90 

38-882 

i 

111-919 

996-78 

31-571 

44 in. 

138-230 

1520-53 

38-993 


112-312 

1003-78 

31-681 

JL 

138-623 

1529-18 

39-103 

Z 

¥ 

112-704 

1010-82 

31-792 

i 

139-015 

139-408 

139-801 

1537-86 

1546-55 

39-214 

39-325 

39-436 

36in. 

113-097 

1017-87 

31-903 

£ 

1555-28 

1 

8 

i 

113-490 

1024-95 

32-014 

& 

140-193 

1564-03 

39-546 

113-883 

1032-06 

32-124 


140-586 

1572-81 

39-657 

i 

£ 

114-275 

114-66S 

1039-19 

1046-35 

32-235 

32-349 

I 

140-979 

1581-61 

39-768 

f 

115-061 

1053-52 

32-457 

45in. 

141-372 

1590-43 

39-879 


115-453 

1060-73 

32-567 

£ 

141-764 

1599-28 

39-989 

| 

115-846 

1067-95 

32-678 

i 

3 

142-157 

142-550 

1608-15 

1617-04 

40-110 

40-211 

3 7 in. 

116-239 

1075-21 

32-789 

8 

i 

142-942 

1625-97 

40-322 

£ 

116-631 

1082-48 

32-900 

A 

143-335 

1634-92 

40-432 

i 

117-024 

1089-79 

33-Oil 

1 

143-728 

1643-89 

40-543 

1 

£ 

117-417 

117-810 

1097-11 

1104-46 

33-021 

33-232 

7 

¥ 

144-120 

1652-88 

40-654 

£ 

118-202 

1111-84 

33-343 

4 6 in. 

144-513 

1661-90 

40-765 

i 

118-595 

1119-24 

33-454 

i 

144-906 

1670-95 

40-876 

f 

118-988 

1126-66 

33-564 

i 

3. 

145-299 

145-691 

1680-01 

1689-10 

40- 986 

41- 097 

3 8 in. 

119-380 

1134-11 

33-675 

i 

146-084 

1698-23 

41-208 

1 

119-773 

1141-59 

33-786 

A 

146-477 

1707-37 

41-319 

i 

120-166 

1149-08 

33-897 

4 

146-869 

1716-54 

41-429 

1 

£ 

120-558 

120-951 

1156-61 

1164-15 

34-008 

34-118 

8 

147-262 

1725-73 

41-540 

| 

121-344 

1171-73 

34-229 

47in. 

147-655 

1734-94 

41-651 


121-737 

1179-32 

34-340 

i 

148-047 

1744-18 

41-762 

£ 

122-129 

1186-94 

34-451 

i 

% 

148-440 

148-833 

1753-45 

1762-73 

41-873 

41-983 

3 9 in. 

122-522 

1194-59 

34-561 

1 

149-226 

1772-05 

42-094 

£ 

122-915 

1202-26 

34-672 

5 

8 

149-618 

1781-39 

42-205 

l 

123-307 

1209-95 

34-783 

150-011 

1790-76 

42-316 

f 

£ 

123- 700 

124- 093 

1217-67 

1225-42 

34- 894 

35- 005 

I 

150-404 

1800-14 

42-427 

£ 

124-485 

1233-18 

35-115 

48in. 

150-796 

1809-56 

42-537 

| 

124-878 

1240-98 

35-226 

i 

151-189 

1818-99 

42-648 

£ 

125-271 

1248-79 

35-337 

i 

% 

151-582 

151-974 

1828-46 

1837-93 

42-759 

42-870 

40in. 

125-664 

1256-64 

35-448 

i 

152-367 

1847-45 

42-980 

£ 

126-056 

1264-50 

35-558 

A 

152-760 

1856-99 

43-091 

£ 

126-449 

1272-39 

35-669 

f 

153-153 

1866-55 

43-202 

1 

£ 

1 

126- 842 

127- 234 

1280-31 

1288-25 

35-780 

35-891 


153-545 

1876-13 

43-313 

127-627 

1296-21 

36-002 

49in. 

153-938 

1885-74 

43-423 

128-020 

1304-20 

36-112 

£ 

154-331 

1895-37 

43-534 

1 

128-412 

1312-21 

36-223 

i 

154- 723 

155- 116 

1905-03 

1914-70 

43-645 

43-756 

41 in. 

128-805 

1320-25 

36-334 

£ 

155-509 

1924-42 

43-867 

£ 

1 

129-198 

1328-32 

36-445 

A 

155-901 

1934-15 

43-977 

129-591 

1336-40 

36-555 

4 

156-294 

1943-91 

44-088 


129-983 

1344-51 

36-666 

£ 

156-687 

1953-69 

44-199 


N 
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COAL MINING MADE EASY, SAFE AND HEALTHY. 

Table of Circumferences, Areas, &c., of Circles— Continued. 


Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

50in. 

157-080 

1963-50 

44-310 

65in. 

204-204 

3318-31 

57-603 

i 

157-865 

1983-18 

44-531 

i 

204-989 

3343-88 

57-824 

I 

158-680 

2002-96 

44-753 

i 

205-774 

3369-56 

58-046 

4 

159-436 

2022-84 

44-974 

i 

206-560 

3395-33 

58-267 

51 in. 

160-221 

2042-82 

45-196 

66in. 

207-345 

3421-20 

58-489 

i 

161-007 

2062-90 

45-417 

i 

208-131 

3447-16 

58-710 

l 

161-792 

2083-07 

45-639 

x 

208-916 

3473-23 

58-932 

I 

162-577 

2103-35 

45-861 

fi 

¥ 

209-701 

3499-39 

59-154 

5 2 in. 

163-363 

2123-72 

46-082 

67in. 

210-487 

3525-66 

59-375 

i 

164-148 

2144-19 

46-304 

i 

211-272 

3552-01 

59-597 

i 

164-934 

2164-75 

46-525 

1 

212-058 

3578-47 

59-818 

i 

165-719 

2185-42 

46-747 

f 

212-843 

3605-03 

60-040 

5 3 in. 

166-504 

2206T8 

46-968 

68in. 

213-628 

3631-68 

60-261 

i 

167-290 

2227-05 

47-190 

i 

214-414 

3658-44 

60-483 

t 

168-075 

2248-01 

47-411 

i 

215-199 

3685-29 

60-704 

i 

168-861 

2269-06 

47-633 

i 

215-985 

3712-24 

60-926 

54in. 

169-646 

2290-22 

47-854 

69in. 

216-770 

3739-28 

61-147 

i 

170-431 

2311-48 

48-076 

i 

217-555 

3766-43 

61-369 

i 

171-217 

2332-83 

48-298 

i 

218-341 

3793-67 

61-591 

1 

172-002 

2354-28 

48-519 

i 

219-126 

3821-02 

61-812 

55in. 

172-788 

2375-83 

48-741 

70 in. 

219-912 

3848-46 

62-034 

1 

173-573 

2397-48 

48-962 

i 

220-697 

3875-99 

62-255 

i 

174-358 

2419-22 

49-184 


221-482 

3903-63 

62-477 

! 

175-144 

2441-07 

49-405 

1 

222-268 

3931-36 

62-698 

56in. 

175-929 

2463-01 

49-627 

71 in. 

223-053 

3959-20 

62-920 

i 

176-715 

2485-05 

49-848 

i 

223-839 

3987-13 

63-141 

i 

177-500 

2507-19 

50-070 

i 

224-624 

4015-16 

63-363 

4 

178-285 

2529-42 

50-291 

1 

225-409 

4043-28 

63;545 

57in. 

179-071 

2551-76 

50-513 

72in. 

226-195 

4071-51 

63-806 

i 

179-856 

2574-19 

50-735 

i 

226-980 

4099-83 

64-028 

i 

180-642 

2596-72 

50-956 

\ 

227-766 

4128-25 

64-249 

! 

181-427 

2619-35 

51-178 

1 

228-551 

4156-77 

64-471 

58in. 

182-212 

2642-08 

51-399 

73in. 

229-336 

4185-39 

64-692 

i 

182-998 

2664-91 

51-621 

i 

230-122 

4214-11 

64-914 

i 

183-783 

2687-83 

51-842 

i 

230-907 

4242-92 

65-135 

f 

184-569 

2710-85 

52-064 

1 

231-693 

4271-83 

65-357 

59in. 

185-354 

2733-97 

52-285 

74in. 

232-478 

4300-85 

65-578 

4 

186-139 

2757-19 

52-507 

i 

233-263 

4329-95 

65-800 

£ 

186-925 

2780-51 

52-729 

i 

234-049 

4359-16 

66-022 

4 

187-710 

2803-92 

52-950 

f 

234-834 

4388-47 

66-243 

60in. 

188-496 

2827-44 

53-172 

75in. 

235-620 

• 4417-87 

66-465 

4 

189-281 

2851-05 

53-393 

i 

236-405 

4447-37 

66-686 

4 

190-066 

2874-76 

53-615 

i 

237-190 

4476-97 

66-908 

4 

190-852 

2898-56 

53-836 

i 

237-976 

4506-67 

67-129 

61 in. 

191-637 

2922-47 

54-048 

7 6 in. 

238-761 

4536-47 

67-351 

4 

192-423 

2946-47 

54-279 

i 

239-547 

4516-36 

67-572 

4 

193-208 

2970-57 

54-501 

i 

240-332 

4596-35 

67-794 

4 

193-993 

2994-77 

54-723 

1 

241-117 

.4626-44 

68-016 

62in. 

194-779 

3019-07 

54-944 

77in. 

241-903 

4656-63 

68-237 

4 

195-564 

3043-47 

55T66 

i 

242-688 

4686-92 

68-459 

i 

196-350 

3067-96 

55-387 

i 

243-474 

4717-30 

68-680 

4 

197-135 

3092-56 

55-609 

t 

244-259 

4747-79 

68-902 

63in. 

197-920 

3117-25 

55-830 

78in. 

245-044 

4778-37 

69-123 

4 

198-706 

3142-04 

56-052 

i 

245-830 

4809-05 

69-345 

4 

199-491 

3166-92 

56-273 

i 

246-615 

4839-83 

69-566 

4 

200-277 

3191-91 

56-495 

t 

247-401 

4870-70 

69-788 

64in. 

201-062 

3216-99 

56-716 

79in. 

248-186 

4901-68 

70-009 

1 4 

201-847 

3242-17 

56-938 

i 

248-971 

4932-75 

70-231 

1 - 

202-633 

3267-46 

57-159 

i 

249-757 

4963-92 

70-453 

4 

203-418 

3292-83 

57-381 


250-542 

4995-19 

70-674 
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Table of Circumferences, Areas, &c., of Circles— Continued. 


Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

GO 

O 

251- 328 

252- 898 

5026-56 

5089-58 

70- 896 

71- 339 

Ft. In. 

10 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Feet Inches. 

31 5 

31 81 

31 Hi 

32 2f 

32 54 

32 8|- 

32 Ilf 

33 2f 

33 61 

33 91 

34 0| 

34 31 

Feefc. 

78*540 

79-854 

81- 179 

82- 516 
' 83-862 

85- 221 

86- 590 

87- 969 

89- 360 

90- 262 

92- 124 

93- 598 

Feet Inches. 

8 101 

8 Ilf 

9 Of 

9 1 

9 If 

9 2f 

9 3-1 

9 4f 

9 5f 

9 61 

9 7-1 

9 8f 

81 in. 

X 

254-469 

256-040 

5153-00 

5216-82 

71- 782 

72- 225 

82in. 

257-611 

259-182 

5281-02 

5345-62 

72- 668 

73- 111 

83in. 

X 

260-752 

262-323 

5410-62 

5476-00 

73-554 

73-997 

84in. 

X 

263-894 

265-465 

5541-78 

5607-95 

74-440 

74-884 

11 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

34 6f 

34 9f 

35 Of 

35 41 

35 71 

35 10-| 

36 If 

36 41 

36 7$ 

36 101 

37 2f 

37 5f 

95- 033 

96- 478 

97- 934 
99-402 

100-879 

102-368 

103 869 

105 379 
106-901 

108- 434 

109- 977 
111-531 

9 8f 

9 9f 

9 lOf 

9 Ilf 

10 o.v 

10 If 

10 21 

10 24 

10 4 

10 5 

10 5f 

10 6f 

85in. 

i 

267- 036 

268- 606 

5674-51 

5741-47 

75-327 

75-770 

86in. 

1 

2 

270- 177 

271- 748 

5808-81 

5876-55 

76-213 

76-656 

8 7 in. 

i 

273- 319 

274- 890 

5944-69 

6013-21 

77-099 

77-542 

88in. 

i 

276-460 

278-031 

6082-13 

6151-44 

77- 985 

78- 428 

12 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

37 8f 

37 111 

38 2f 

38 5f 

38 81 

39 0 

39 31 

39 6f 

39 91- 

40 O-I- 
IO 3f 

40 6f 

113- 097 

114- 673 
116-260 
117-859 
119-467 

121- 087 

122- 718 
124-359 
126-012 
127-676 
129-350 
131-036 

10 7f 

10 84 

10 9f 

10 101 

10 Ilf 

11 0 

11 Of 

11 if 

11 2f 

11 3 t 

11 44 

11 5f 

89in. 

1 

2 

279-602 

281-173 

6221-15 

6291-25 

78- 871 

79- 315 

90in. 

i 

282-744 

284-314 

6361-74 

6432-62 

79- 758 

80- 201 

91 in. 

i 

285-885 

287-456 

6503-89 

6573-56 

80- 644 

81- 087 

92in. 

i 

289- 027 

290- 598 

6647-62 

6720-07 

81-530 

81-973 

93in. 

i 

292- 168 

293- 739 

6792-92 

6866-16 

82-416 

82-859 

13 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

40 10 

41 11 

41 4 

41 7f 

41 lOf 

42 If 

42 41 

42 8 

42 Ilf 

43 21 

43 51 

43 8# 

132-732 

134-439 

136157 
137-886 
139-626 
141-377 

143- 139 

144- 911 
146-694 
148-489 
150-294 
152-110 

11 61 

11 7f 

11 Si¬ 
ll Sf 

11 9f 

11 10* 

11 ll| 

12 04 

12 If 

12 2-1 

12 3f 

12 4 

94in. 

i 

295- 310 

296- 881, 

6939-79 

7013-81 

83-302 

83-746 

95in. 

i 

298-452 

300-022 

7088-23 

7163-04 

84-189 

84-632 

Ft. In. 

8 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Feet Inches. 

25 If 

25 4f 

25 7f 

25 11 

26 2f 

26 5f 

26 8f 

26 114 

27 2f 

27 5f 

27 9 

28 Of 

Feet. 

50- 265 

51- 317 

52- 381 

53- 456 

54- 541 

55- 637 

56- 745 

57- 862 

58- 992 

60- 132 

61- 282 
62-444 

Feet Inches. 

7 0i 

7 H 

7 2| 

7 3f 

7 4-| 

7 54 

7 6-| 

7 7* 

7 8} 

7 9-1 

7 9-| 

7 lof 

14 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

43 Ilf 

44 2f 

44 6 

44 9f 

45 Of 

45 31 

45 6f 

45 9f 

46 Of 

46 4 

46 71 

46 ll| 

153-938 

155-775 

157-625 

159-485 

161-355 

163-237 

165-130 

167- 033 

168- 947 
170-873 
172-809 
174-756 

12 4f 

12 5f 

12 64 

12 74 

12 8f 

12 9f 

12 10-1 

12 Ilf 

13 0 

13 If 

13 If 

13 2-| 

9 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

28 3* 

28 6f 

28 94 

29 0| 

29 3§ 

29 7 

29 101 

30 1J 

30 4f 

30 74 

30 11-| 

31 1| 

63- 617 

64- 800 

65- 995 

67- 200 

68- 416 

69- 644 

70- 882 

72- 130 

73- 391 

74- 662 

75- 943 
77-236 

7 Ilf 

8 Of 

8 l| 

8 2# 

8 31 

8 41 

8 5 

8 51 

8 6f 

8 7-| 

8 8i 

8 9 § 

15 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

47 If 

47 4f 

47 7f 

47 lOf 

48 21 

48 51 

48 8f 

48 Ilf 

49 2f 

49 5f 

176-715 

178-683 

180-663 

182-654 

184-655 

186-668 

188-692 

190-726 

192-771 

194-828 

13 34 

13 4-f 

13 51 

13 6f 

13 7f 

13 8 

13 84 

13 9f 

13 lOf 

13 114 




































































COAL MINING MADE EASY, SAFE AND HEALTHY. 

Table op Circumferences, Areas, &c., of Circles— Continued. 


S3 


Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

Ft 

In. 

Feet 

Inches. 

Feet. 

Feet 

Inches. 

15 

10 

49 

8| 

196-894 

14 

o-l 


n 

50 

0 

198-973 

14 

i* 

16 

0 

50 

3^- 

201-062 

14 

2 i 


l 

50 

6* 

203-161 

14 

3 


2 

50 

9f 

205-272 

14 

8* 


3 

51 

0* 

207-394 

14 

4f 


4 

51 

3f 

209-526 

14 

H 


5 

51 

6* 

211-670 

14 

6f 


6 

51 

10 

213-825 

14 

H 


7 

52 

if 

215-989 

14 

8f 


8 

52 

4* 

218-166 

14 

9* 


9 

52 

7f 

220-353 

14 

10* 


10 

52 

lot- 

222-551 

14 

11 


11 

53 

if 

224-760 

14 

Hf 

17 

0 

53 

4f 

226-980 

15 

Of 


1 

53 

8 

229-210 

15 

1 5 

8 


2 

53 

Hf 

231-452 

15 

2f 


3 

54 

H 

233-705 

15 

Si 


4 

54 

5| 

235-968 

15 

4f 


5 

54 

8* 

238-243 

15 

5* 


6 

54 

Ilf 

240-528 

15 

H 


7 

55 

2f 

242-824 

15 

7 


8 

55 

6 

245-131 

15 

n 


9 

55 

9* 

247-450 

15 

8f 


10 

56 

0* 

249-778 

15 

9f 


11 

56 

Si 

252-118 

15 

10* 

18 

0 

56 

6* 

254-469 

15 

Hf 


1 

56 

9# 

256-830 

16 

Of 


2 

57 

0| 

259-203 

16 

1* 


3 

57 

4 

261-587 

16 

H 


4 

57 

7f 

263-980 

16 

H 


5 

57 

10* 

266-386 

16 

sf 


6 

58 

If 

268-803 

16 

4f 


7 

58 

4* 

271-229 

16 

5f 


8 

58 

7|- 

273-667 

16 

6* 


9 

58 

10| 

276-117 

16 

7f 


10 

59 

2 

278-576 

16 

8* 


11 

59 

^ 8 

281-047 

16 

9* 

19 

0 

59 

8* 

283-529 

16 

10 


1 

59 

Hi 

286-021 

16 

11 


2 

60 

2* 

288-524 

16 

Hi 


3 

60 

5f 

291-039 

17 

Of 


4 

60 

8f 

293-564 

17 

1 5 


5 

60 

ll| 

296-110 

17 

2 i 


6 

61 

Si 

298-648 

17 

Sf 


7 

61 

Of 

301-205 

17 

4* 


8 

61 

9i 

303-774 

17 

H 


9 

62 

0-1- 

306-355 

17 

6 


10 

62 

3f 

308-944 

17 

7 


11 

62 

Of 

311-546 

17 

n 

20 

0 

62 

n 

314-160 

17 

8f 


1 

63 

H 

316-782 

17 

9f 


2 

63 

H 

319-417 

17 

10* 


3 

63 

7f 

322-063 

17 

Hf 


4 

63 

Hi 

324-718 

18 

0* 


5 

64 

If 

327-385 

18 

If 


6 

64 

4§ 

330-064 

18 

2 


7 

64 

7| 

332-752 

18 

2f 


8 

64 

11 

335-452 

18 

3 


9 

65 

2* 

6f 

338-163 

18 

4f 


10 

65 

340-884 

18 

5f 


11 

65 

8* 

343-617 

18 

6i 


Diameter. 

Circumference. 

Area. 

Side of Equal 
Square. 

Ft 

In. 

Feet 

Inches. 

Feet. 

Feet 

Inches. 

21 

0 

65 

Hf 

346-361 

18 



1 

61 

2f 

349-114 

18 

s* 


2 

66 

5f 

351-880 

18 

H 


3 

66 

9 

354-657 

18 

10 


4 

67 

Of 

357-443 

18 

lOf 


5 

67 

Sf 

360-241 

18 

Hf 


6 

67 

6* 

363-051 

19 

Of 


7 

67 

9f 

365-869 

19 

If 


8 

68 

Of 

368-701 

19 

H 


9 

68 

Sf 

371-543 

19 

^8 


10 

68 

7 

374-394 

19 

4* 


11 

68 

10* 

377-258 

19 

5* 

22 

0 

69 

If 

380-133 

19 

5f 


1 

69 

4i 

383-117 

19 

6f 


2 

69 

7f 

385-914 

19 

7f 


3 

69 

lOf 

388-822 

19 

Sf 


4 

70 

If 

391-738 

19 

H 


5 

70 

5 

394-668 

19 

10f 


6 

70 

8* 

397-608 

19 

Hf 


7 

70 

Hi 

400-558 

20 

0* 


8 

71 

2i 

403-520 

20 

If 


9 

71 

5f 

406-493 

20 

2 


10 

71 

8f 

409-475 

20 

2f 


11 

71 

Hf 

412-470 

20 

Sf 

23 

0 

72 

3 

415-476 

20 

4* 


1 

72 

6f 

418-491 

20 

5i 


2 

72 

9f 

421-519 

20 

6f 


3 

73 

0i 

424-557 

20 

7* 


4 

73 

Sf 

427-605 

20 

Sf 


5 

73 

6f 

430-765 

20 

H 


6 

73 

9f 

433-737 

20 

10 


7 

74 

1 

436-817 

20 

10f 


8 

74 

4f 

439-910 

20 

iif 


9 

74 

7 * 

443-014 

21 

Of 


10 

74 

10f 

446-127 

21 

li 


11 

75 

If 

449-253 

21 

2f 

24 

0 

75 

4f 

452-390 

21 

3* 


1 

75 

77 

455-536 

21 

H- 


2 

75 

11 

458-694 

21 

5 


3 

76 

2f 

461-864 

21 

6 


4 

76 

5* 

465-042 

21 

6f 


5 

76 

Si 

468-234 

21 

7f 


6 

76 

Ilf 

471-436 

21 

Sf 


7 

77 

2f 

474-647 

21 

9i 


8 

77 

5f 

477-871 

21 

10f 


9 

77 

9 

481-106 

21 

H* 


10 

78 

Of 

484-350 

22 

Of 


11 

78 

3* 

487-607 

22 

1 

25 

0 

78 

6f 

490-875 

22 

If 


1 

78 

9* 

494-151 

22 

2f 


2 

79 

Of 

497-441 

22 

Sf 


3 

79 

Sf 

500-741 

22 

4.5. 


4 

79 

1 8 

504-051 

22 

5* 


5 

79 

Hf 

507-373 

22 

6f 


6 

80 

1 * 

510-706 

22 

7* 


7 

80 

4f 

514-048 

22 

Sf 


8 

80 

7f 

517-403 

22 

9 


9 

80 

10f 

520-769 

22 

9f 


10 

81 

I / 

1 'S 

524-144 

22 

10f 


11 

81 

5 

527-531 

22 

Hf 


Note—A ny of the areas in inches multiplied by -04-328, or the areas in feet multiplied by 6'232, the product is the 
number of imperial gallons equivalent to the area of the circle and one foot in depth. 
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TABLE OF THE FOURTH AND 


No. 

4th Power. 

5th Power. 

1 

i 

8 

2 

16 

32 

3 

81 

243 

4 

256 

1,024 

5 

625 

3,125 

6 

1,296 

7,776 

7 

2,401 

16,807 

8 

4,096 

32,768 

9 

6,561 

59,049 

10 

10,000 

100,000 

11 

14,641 

161,051 

12 

20,736 

248,832 

13 

28,561 

371,293 

14 

38,416 

537,824 

15 

50,625 

759,375 

16 

65,536 

1,048,576 

17 

83,521 

1,419,857 

18 

104,976 

1,889,568 

19 

130,321 

2,476,099 

20 

160,000 

3,200,000 

21 

194,481 

4,084,101 

22 

234,256 

5,153,632 

23 

279,841 

6,436,343 

24 

331,776 

7,962,624 

25 

390,625 

9,765,625 

26 

456,976 

11,881,376 

27 

531,441 

14,348,907 

28 

614,656 

17,210,368 

29 

707,281 

20,511,149 

30 

810,000 

24,300,000 

31 

923,521 

28,629,151 

32 

1,048,576 

33,554,432 

33 

1,185,921 

39,135,393 

34 

1,336,336 

45,435,424 

35 

1,500,625 

52,521,875 

36 

1,679,616 

60,466,176 

37 

1,874,161 

69,343,957 

38 

2,085,136 

79,235,168 

39 

2,313,441 

90,224,199 

40 

2,560,000 

102,400,000 

41 

2,825,761 

115,856,201 

42 

3,111,696 

130,691,232 

43 

3,418,801 

147,008,443 

44 

3,748,096 

164,916,224 

45 

4,100,625 

184,528,125 

46 

4,477,456 

205,962,976 

'47 

4,879,681 

229,345,007 

48 

5,308,416 

254,803,968 

49 

5,764,801 

282,475,249 

50 

6,250,000 

312,500,000 

51 

6,765,201 

345,025,251 

52 

7,311,616 

380,204,032 

53 

7,890,481 

418,195,493 

54 

8,503,056 

459,165,024 

55 

9,150,625 

503,284,375 

56 

9,834,496 

550,731,776 

57 

10,556,001 

601,692,057 

58 

11,316,496 

656,356,768 

59 

12,117,361 

714,924,299 

60 

12,960,000 

777,600,000 

61 

13,845,841 

844,596,301 

62 

14,776,336 

916,132,832 

63 

15,752,961 

992,436,543 

64 

16,777,216 

1,073,741,824 

65 

17,850,625 

1,160,290,625 

66 

18,974,736 

1,252,332,576 

67 

20,151,121 

1,350,125,107 

68 

21,381,376 

1,453,933,568 

69 

22,667,121 

1,564,031,349 

70 

24,010,000 

1,680,700,000 

71 

2f>,411,681 

1,804,229,351 

72 

26,873,856 

1,934,917,632 

73 

28,398,241 

2,073,071,593 

74 

29,986,576 

2,219,006,624 

75 

31,640,625 

2,373,046,875 


FIFTH POWERS OF NUMBERS. 


No. 

4th Power. 

5 th Power. 

76 

33,362,176 

2,535,525,376 

77 

35,153,041 

2,706,784,157 

78 

37,015,056 

2,887,174,368 

79 

38,950,081 

3,077,056,399 

80 

40,960,000 

3,276,800,000 

81 

43,046,721 

3,486,784,401 

82 

45,212,176 

3,707,398,432 

83 

47,458,321 

3,939,040,643 

84 

49,787,136 

4,182,119,424 

85 

52,200,625 

4,437,053,125 

86 

54,708,016 

4,704,270,176 

87 

57,289,761 

4,984,209,207 

88 

59,969,536 

5,277,319,168 

89 

62,742,211 

5,584,059,449 

90 

65,610,000 

5,904,900,000 

91 

68,574,961 

6,240,321,451 

92 

71,639,296 

6,590,815,232 

93 

74,805,201 

6,596,883,693 

94 

78,074,896 

7,339,040,224 

95 

81,450,625 

7,737,809,375 

96 

84,934,656 

8,153,726,976 

97 

88,529,281 

8,587,340,257 

98 

92,236,816 

9,039,207,968 

99 

96,059,601 

9,509.900,499 

100 

100,000,000 

10,000,000,000 

101 

104,060,401 

10,510,100,501 

102 

108,243,216 

11,040,808,032 

103 

112,550,881 

11,592,740,743 

104 

116,985,856 

12,166,529,024 

105 

121,550,625 

12,762,815,625 

106 

126,247,696 

13,382,255,776 

107 

131,079,601 

14,025,517,307 

108 

136,048,896 

14,693,280,768 

109 

141,158,161 

15,386,239,549 

110 

146,410,000 

16,105,100,000 

111 

151,807,041 

16,850,581,551 

112 

157,351,936 

17,623,416,832 

113 

163,047,361 

18,424,351,793 

114 

168,896,016 

19,254,145,824 

115 

174,900,625 

20,113,571,875 

116 

181,063,936 

21,003,416,576 

117 

187,388,721 

21,924,480,357 

118 

193,877,776 

22,877,577,568 

119 

200,533,921 

23,863,536,599 

120 

207,360,000 

24,883,200,000 

121 

214,358,881 

25,937,424,601 

122 

221,533,456 

27,027,081,632 

123 

228,886,641 

28,153,056,843 

124 

236,421,376 

29,316,250,624 

125 

244,140,625 

30,517,578,125 

126 

252,047,376 

31,757,969,376 

127 

260,144,641 

33,038,369,407 

128 

268,435,456 

34,359,738,368 

129 

276,922,881 

35,723,051,649 

130 

285,610,000 

37,129,300,000 

131 

294,499,921 

38,579,489,651 

132 

303,595,776 

40,074,642,432 

133 

312,900,721 

41,615,795,893 

134 

322,417,936 

43,204,003,424 

135 

332,150,625 

44,840,334,375 

136 

342,102,016 

46,525,874,176 

137 

352,275,361 

48,261,724,457 

138 

362,673,936 

50,049,003,168 

139 

373,301,641 

51,888,844,699 

140 

384,160,000 

53,782,400,000 

141 

395,254,161 

55,730,836,701 

142 

406,586,896 

57,735,339,232 

143 

418,161,601 

59,797,108,943 

144 

429,981,696 

61,917,364,224 

145 

442,050,625 

64,097,340,625 

146 

454,371,856 

66,338,290,976 

147 

466,948,881 

68,641,485,507 

148 

479,785,216 

71,008,211,968 

149 

492,884,401 

73,439,775,749 

150 

506,250,000 

75,937,500,000 
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COAL MINING MADE EASY, SAEE AND HEALTHY, 


TABLE OF SQUARES, CUBES, AND SQUARE AND CUBE 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

1 

1 

1 

1-00000 

1-00000 

2 

4 

8 

1-41421 

1-25992 

3 

9 

27 

1-73205 

1 -44225 

4 

16 

64 

2'00000 

1-58740 

5 

25 

125 

2-23607 

1-70997 

6 

36 

216 

2-44949 

1-81712 

7 

49 

343 

2-64575 

1-91293 

8 

64 

512 

2-82843 

2-00000 

9 

81 

729 

3-00000 

2-08008 

10 

100 

1,000 

3-16228 

2-15443 

11 

121 

1,331 

3-31662 

2-22398 

12 

144 

1,728 

3-46410 

2-28942 

13 

169 

2,197 

3-60555 

2.35133 

14 

196 

2,744 

3-74166 

2-41014 

15 

225 

3,375 

3-87298 

2-46621 

16 

256 

4,096 

4-00000 

2-51984 

17 

289 

4,913 

4-12311 

2-57128 

18 

324 

5,832 

4-24264 

2-62074 

19 

361 

6,859 

4-35890 

2-66840 

20 

400 

8,000 

4-47213 

2-71442 

21 

441 

9,261 

4-58257 

2-75892 

22 

484 

10,648 

4-69042 

2-80203 

23 

529 

12,167 

4-79583 

2-84387 

24 

576 

13,824 

4-89898 

2-88450 

25 

625 

15,625 

5-30000 

2-92402 

26 

676 

17,576 

5-09902 

2-96250 

27 

729 

19,682 

5-19615 

3-00000 

28 

784 

21,952 

5-29150 

3-03659 

29 

841 

24,389 

5-38516 

3-07232 

30 

900 

27,000 

5-47723 

3-10723 

31 

961 

29,791 

5-56776 

3-14138 

32 

1,024 

32,768 

5-65680 

3-17480 

33 

1,089 

35,937 

5-74450 

3-20753 

34 

1,156 

39,304 

5-83095 

3-23961 

35 

1,225 

42,875 

5-91608 

3-27107 

36 

1,296 

46,656 

6-00000 

3-30193 

37 

1,369 

50,653 

6-08276 

3-33222 

38 

1,444 

54,872 

6-16441 

3-36197 

39 

1,521 

59,319 

6-24500 

3-39121 

40 

1,600 

64,000 

6-32456 

3-41995 

41 

1,681 

68,921 

6-40312 

3-44822 

42 

1,764 

74,088 

6-48074 

3-47603 

43 

1,849 

79,507 

6-55744 

3-50340 

44 

1,936 

85,184 

6-63325 

3-53035 

45 

2,025 

91,125 

6-70820 

3-55689 

46 

2,116 

97,336 

6-78233 

3-58305 

47 

2,209 

103,823 

6-85565 

3-60882 

48 

2,304 

110,592 

6-92820 

3-63424 

49 

2,401 

117,649 

7-00000 

3-65930 

50 

2,500 

125,000 

7-07107 

3-68403 

51 

2,601 

132,651 

7-14143 

3-70842 

52 

2,704 

140,608 

7-21110 

3-73251 

53 

2,809 

148,877 

7-28011 

3-75628 

54 

2,916 

157,464 

7-34847 

3-77976 

55 

3,025 

166,375 

7-41620 

3-80295 

56 

3,136 

175,616 

7-48331 

3-82586 

57 

3,249 

185,193 

7-54983 

3-84850 

58 

3,364 

195,112 

7 61577 

3-87088 

59 

3,481 

205,379 

7-68115 

3-89390 

60 

3,600 

216,000 

7-74597 

3-91487 

61 

3,721 

226,981 

7-81024 

3-93054 

62 

3,844 

238,328 

7-87401 

3-95789 

63 

3,969 

250,047 

7-93725 

3-97906 

64 

4,096 

262,144 

8-00000 

4-00000 

65 

4,225 

274,625 

8-06226 

4-02072 

66 

4,356 

287,496 

8-12404 

4-04124 

67 

4,489 

300,763 

8-18535 

4-06155 

68 

4,624 

314,432 

8*24621 

4-08165 

69 

4,768 

328,509 

8-30662 

4-10157 

70 

4,900 

343,000 

8-36660 

4-12128 

71 

5,041 

357,911 

8-42615 

4-14082 

72 

5,184 

373,248 

8-48528 

4-16017 

73 

5,329 

389,017 

8-54400 

4-17934 

74 

5,476 

405,224 

8-60232 

4-19832 

75 

5,625 

421,875 

8-66025 

4-21716 

76 

5,776 

438,976 

8-71780 

4-23582 

77 

5,929 

456,533 

8-77496 

4-25432 


ROOTS. 


Reciprocals. 

1-0000000 

•5000000 

•3333333 

•2500000 

•2000000 

•1666667 

•1428571 

•1250000 

•1111111 

•1000000 

•0909090 

•0833333 

■0769231 

•0714286 

•0666667 

■0625000 

•0588235 

•0555556 

•0526316 

•0500000 

•0476190 

■0454545 

•0434783 

•0416667 

•0400000 

•0384615 

•0370370 

•0357143 

•0344828 

•0333333 

•0322581 

•0312500 

■0303030 

•0294118 

•0285714 

•0277778 

•0270270 

•0263158 

•0256410 

•0250000 

•0243902 

•0238095 

•0232558 

•0227273 

'0222222 

•0217391 

•0212766 

•0208333 

■0204082 

•0200000 

•0196078 

•0192308 

•0188679 

•0185185 

•0181818 

•0178571 

■0175439 

•0172414 

•0169491 

■0166667 

•0163934 

•0161290 

•0158730 

■0156250 

•0153846 

•0151515 

■0149254 

•0147059 

•0144928 

•0142857 

•0140845 

•0138889 

■0136986 

•0135135 

•0133333 

•0131579 

•0129870 
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Table oe Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. . 

Cubes. 

Square Roots. 

Cube Roots 

Reciprocals. 

78 

6,084 

474,552 

8-83176 

4-27266 

■0128205 

79 

6,241 

493,039 

8-88819 

4-29084 

•0126.82 

80 

6,400 

512,000 

8-94427 

4-30887 

•0125000 

81 

6,561 

531,441 

9-00000 

4-32675 

•0123457 

82 

6,724 

551,368 

9-05538 

4-34448 

•0121951 

83 

6,889 

571,787 

9-11043 

4-36207 

•0120482 

84 

7,056 

592,704 

9-16515 

4-37952 

•0119048 

85 

7,225 

614,125 

9-21954 

4-39683 

•0117647 

86 

7,396 

636,056 

9-27362 

4-41400 

•0116279 

87 

7,569 

658,503 

9-32738 

4-43104 

•0114942 

88 

7,744 

681,472 

9-38083 

4-44707 

■0113636 

89 

7,921 

704,969 

9-43398 

4-46474 

•0112359 

90 

8,100 

729,000 

9-48683 

4-48140 

•0111111 

91 

8,281 

753,571 

9-53939 

4-49794 

•0109890 

92 

8,464 

778,688 

9-59166 

4-51436 

•0108696 

93 

8,649 

804,357 

9-64365 

4-53065 

•0107527 

94 

8,836 

830,584 

9-69536 

4-54683 

•0106383 

95 

9,025 

857,374 

9-74679 

4-56290 

•0105263 

96 

9,216 

884,736 

9-79796 

4-57886 

•0104167 

97 

9,409 

912,673 

9-84885 

4-59470 

•0103093 

98 

9,604 

941,192 

9-69949 

4-61044 

•0102041 

99 

9,801 

970,299 

9-94987 

4-62606 

•0101010 

100 

10,000 

1,000,000 

10-00000 

4-64159 

•0100000 

101 

10,201 

1,030,301 

10-04988 

4-65701 

•0099010 

102 

10,404 

1,061,208 

10-09995 

4-67233 

•0098039 

103 

10,609 

1,092,727 

10-14889 

4-68755 

■0097087 

104 

10,816 

1,124,864 

10-19804 

4-70267 

•0096154 

105 

11,025 

1,157,625 

10-24695 

4-71769 

•0095238 

106 

11,236 

1,191,016 

10-29563 

4-73262 

•0094340 

107 

11,449 

1,225,043 

10-34408 

4-74746 

•0093458 

108 

11,664 

1,259,712 

10-39230 

4-76220 

•0092592 

109 

11,881 

1,295,029 

10-44031 

4-77686 

•0091743 

110 

12,100 

1,331,000 

10-48809 

4-79142 

•0090909 

111 

12,321 

1,367,631 

10-53565 

4-80590 

•0090090 

112 

12,544 

1,404,928 

10-58300 

4-82028 

•0089268 

113 

12*796 

1,442,897 

10 63014 

4-83459 

•0088495 

114 

12,996 

1,481,544 

10-67708 

4-84881 

•0087719 

115 

131225 

1,520,875 

10-72380 

4-86294 

•0085956 

116 

13,456 

1,560,896 

10-77033 

4-87700 

•0080207 

117 

13,689 

1,601,613 

10-81665 

4-89097 

•0085470 

118 

13,924 

1,643,032 

10-86278 

4-90487 

•0084746 

119 

14,161 

1,685,159 

10-90871 

4-91868 

•0084034 

120 

14,400 

1,728,000 

10-95445 

4-93242 

•0083333 

121 

14,641 

1,771,561. 

11-00000 

4-94609 

•0082645 

122 

14,884 

1,815,848 

11-04536 

4-95967 

•0081967 

123 

15' 129 

1,860,867 

11-09054 

4-97319 

•0081301 

124 

15'376 

1,906,624 

11-13553 

4-98663 

•0080645 

125 

15,625 

1,953,125 

11-18034 

5-00000 

•0080000 

126 

15,876 

2,000,376 

11-22497 

5-01330 

•0079365 

127 

16,129 

2,048,383 

11-26943 

5-02652 

•0078740 

128 

16'384 

2,097,152 

11-31371 

5-03968 

•0078125 

129 

16,641 

2,146,689 

11-35782 

5-05277 

•0077519 

130 

16*900 

2,197,000 

11-40175 

5-06580 

■0076923 

131 

17,161 

2,248,091 

11-44552 

5-07875 

•0076336 

132 

17'424 

2,299,968 

11-48912 

5-09164 

•0075757 

133 

17,689 

2,352,637 

11-53256 

5-10447 

•0075188 

134 

17^956 

2,406,140 

11-57584 

5-11723 

•0074627 

135 

18’225 

2,460,375 

11-61895 

5-12993 

•0074074 

136 

18'496 

2'515,456 

11-66190 

5-14256 

•0073529 

137 

18,769 

2,571,353 

11-70470 

5-15514 

•0072993 

138 

19,044 

2,628,072 

11-74734 

5-16765 

•0072464 

139 

19,'321 

2,685,619 

11-78983 

5-18010 

•0071942 

140 

19,600 

2,744,000 

11-83216 

5-19249 

*0071428 

141 

19,881 

2,803,221 

11-87434 

5-20483 

■0070922 

142 

20*164 

2,863,288 

11-91637 

5-21710 

•0070422 

143 

20,449 

2,924,207 

11-95826 

5-22932 

•0069930 

144 

20*736 

2,985,984 

12-00000 

5-24148 

•0069444 

145 

21*025 

3,048,625 

12-04159 

5-25359 

•0068965 

146 

21,316 

3,112,136 

12-08305 

5-26564 

•0068493 

147 

21,609 

3,176,523 

12-12435 

5-27763 

•0068027 

148 

•21,904 

3,241,792 

12-16552 

5-28957 

•0067567 

149 

22*201 

3,307,949 

12-20655 

5-30146 

•0067114 

150 

22*500 

3,375,000 

12-24745 

5-31329 

•0066666 

151 

22*801 

3,442,951 

12-28820 

5-32507 

•0066225 

152 

23*104 

3,511,808 

12-32883 

5-33680 

•0065789 

153 

23*409 

3,581,577 

12-36932 

5-34848 

•0065359 

154 

23^716 

3,652,264 

12-40967 

5-36011 

■0064935 
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COAL MINING MADE EASY, SAFE AND HEALTHY. 


Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

Reciprocals. 

155 

24,025 

3,723,875 

12-44990 

5-37168 

■0064516 

156 

24,336 

3,796,416 

12-49000 

5-38321 

•0064102 

157 

24,649 

3,869,893 

12-52996 

5-39469 

•0063694 

158 

24,964 

3,944,312 

12-56980 

5-40612 

•0063291 

159 

25,281 

4,019,679 

12-60952 

5-41750 

•0062893 

160 

25,600 

4,096,000 

12-64911 

5-42883 

•0062500 

161 

25,921 

4,173,281 

12-68858 

5-44012 

•0062112 

162 

26,244 

4,251,528 

12-72792 

5-45136 

•0061728 

163 

26,569 

4,380,747 

12-76714 

5-46255 

•0061350 

164 

26,896 

4,410,944 

12-80625 

5-47370 

•0060976 

165 

27,225 

4,492,125 

12-84523 

5-48481 

■0060606 

166 

27,556 

4,574,296 

12-88410 

5-49586 

•0060241 

167 

27,889 

4,657,463 

12-92285 

5-50688 

•0059880 

168 

28,224 

4,741,632 

12-96148 

5-51785 

•0059524 

169 

28,561 

4,826,809 

13-00000 

5-52877 

•0059172 

170 

28,900 

4,913,000 

13-93840 

5-53966 

•0058823 

171 

29,241 

5,000,211 

13-07670 

5-55050 

•0058479 

172 

29,584 

5,088,448 

13-11488 

5-56130 

•0058139 

173 

29,929 

5,177,717 

13-15295 

5-57205 

•0057803 

174 

30,276 

5,268,024 

13-19091 

5-58277 

•0057471 

175 

30,625 

5,359,375 

13-22876 

5-59344 

•0057143 

176 

30,976 

5,451,776 

13-26650 

5-60408 

•0056818 

177 

• 31,329 

5,545,233 

13-30413 

5-61467 

•0056497 

178 

31,684 

5,639,752 

13-34166 

5-62522 

•0056180 

179 

32,041 

5,735,339 

13-37909 

5-63574 

•0055866 

180 

32,400 

5,832,000 

13-41641 

5-64622 

•0055556 

181 

32,761 

5,929,741 

13-45362 

5-65665 

•0055249 

182 

33,124 

6,028,568 

13-49074 

5-66705 

•0054945 

183 

33,489 

6,128,487 

13-52775 

5-67741 

■0054645 

184 

33,856 

6,229,504 

13-56466 

5-68773 

•0054348 

185 

34,225 

6,331,625 

13-60147 

5-69802 

•0054054 

186 

34,596 

6,434,856 

13-63818 

5-70827 

■0053763 

187 

34,969 

6,539,203 

13-67479 

5-71848 

•0053476 

188 

35,344 

6,644,672 

13-71131 

5-72865 

■0053191 

189 

35,721 

6,751,269 

13-74773 

5-73879 

•0052910 

190 

36,100 

6,859,000 

13-78405 

5-74890 

•0052631 

191 

36.481 

6,967,871 

13-82027 

5-75896 

•0052356 

192 

36.864 

7,077,888 

13-85641 

5-76900 

•0052038 

193 

37,249 

7,189,517 

13-89244 

5-77900 

•0051813 

194 

37,636 

7,301,384 

13-92839 

5-78896 

•0051546 

195 

38,025 

7,414,875 

13-96424 

5-79889 

•0051282 

196 

38,416 

7,529,536 

14-00000 

5-80878 

•0051020 

197 

38,809 

7,645,373 

14-03567 

5-81865 

•0050761 

198 

39,204 

7,762,392 

14-07125 

5-82849 

•0050505 

199 

39,601 

7,880,599 

14-10674 

5-83827 

■0050251 

200 

40,000 

8,000,000 

14-14213 

5-84803 

•0050000 

201 

40,401 

8,120,601 

14-17745 

5-85777 

•0049751 

202 

40,804 

8,242,408 

14-21267 

5-86747 

•0049505 

203 

41,209 

8,365,427 

14-24781 

5-87713 

•0049261 

204 

41,616 

8,489,664 

14-28286 

5-88676 

■0049020 

205 

42,025 

8,615,125 

14-31782 

£-89637 

•0048780 

206 

42,436 

8,741,816 

14-35270 

5-90594 

•0048544 

207 

42,849 

8,869,743 

14-38749 

5-91548 

•0048309 

208 

43,264 

8,998,912 

14-42220 

5-92499. 

•0048077 

209 

43.681 

9,129,328 

14-45683 

5-93447 

•0047847 

210 

44,100 

9,261,000 

14-49138 

5-94392 

•0047619 

211 

44,521 

9,393,931 

14-52584 

5-95334 

•0047393 

212 

44,944 

9,528,128 

14-56022 

5-96273 

•0047170 

213 

45,369 

9,663,597 

14-59452 

5-97209 

•0046948 

214 

45,796 

9,800,344 

14-62874 

5-98142 

•0046729 

215 

46,225 

9,938,375 

14-66288 

5-99073 

■0046512 

216 

46,656 

10,077,696 

14-69694 

6-00000 

•0046296 

217 

47,089 

10,218,313 

14-73092 

6-00924 

•0046083 

218 

47,524 

10,360,232 

14-76482 

6-01846 

•0045871 

219 

47,961 

10,503,459 

14-79865 

6-02765 

•0045662 

220 

48,400 

10,648,000 

14-83240 

6-03681 

•0045454 

221 

48,841 

10,793,861 

14-86607 

6-04594 

•0045249 

222 

49,284 

10,941,048 

14-89966 

6-05505 

•0045045 

223 

49,729 

11,089,567 

14-93318 

6-06413 

•0044843 

224 

50,176 

11,239,424 

14-96663 

6-07318 

•0044643 

225 

50,625 

11,390,625 

15-00000 

6-08240 

•0044444 

226 

51,076 

11,543,176 

15-03330 

6-09120 

•0044248 

227 

51,529 

11,697,083 

15-06652 

6-10017 

•0044053 

228 

51,984 

11,852,352 

15-09967 

6-10911 

•0043860 

229 

52,441 

12,008,989 

15-13275 

6-11803 

•0043668 

230 

52,900 

12,167,000 

15-16575 

6-12692 

■0043478 

231 

53,361 

12,326,391 

15-19868 

6-13579 

•0043290 
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Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

Reciprocals. 

232 

53,824 

54,289 

12,487,168 

15-23155 

6-14463 

•0043103 

233 

12,649,337 

15-26434 

6-15345 

•0042918 

234 

54,756 

12,812,904 

12,977,875 

15-29706 

6-16224 

•0042735 

235 

55,225 

15-32971 

6-17100 

•0042553 

236 

55,696 

13,144,256 

15-36229 

6-17975 

•0042373 

237 

56,169 

13,312,053 

15-39480 

6-18846 

•0042194 

238 

56,644 

13,481,272 

15-42725 

6-19715 

•0042017 

239 

57,121 

13,651,919 

15-45962 

6-20582 

•0041841 

240 

57,600 

13,824,000 

15-49193 

6-21446 

.0041667 

241 

58,081 

13,997,521 

15-52417 

6-22308 

■0041494 

242 

58,564 

14,172,488 

15-55635 

6-23168 

•0041322 

243 

59,049 

14,348,907 

15-58846 

6-24025 

•0041152 

244 

59,536 

14,526,784 

15-62050 

6-24880 

•0040984 

245 

60,025 

14,706,125 

15-65247 

6-25732 

•0040816 

246 

60,516 

14,886,936 

15-68439 

6-26583 

•0040650 

247 

61,009 

15,069,223 

15,252,992 

15-71623 

6-27430 

•0040486 

248 

61,504 

15-74801 

6-28276 

•0040322 

249 

62,001 

15,438,249 

15-77973 

6-29119 

•0040161 

250 

62,500 

15,625,000 

15-81139 

6-29960 

■0040000 

251 

63,001 

15,813,251 

15-84298 

6-30799 

•0039841 

252 

63,504 

16,003,008 

15-87451 

6-13636 

•0039682 

253 

64,009 

16,194,277 

15-90597 

6-32470 

■0039526 

254 

64,516 

16,387,064 

15-93738 

6-33302 

•0039370 

255 

65,025 

16,581,375 

15-96872 

6-34132 

•0039216 

256 

65,536 

16,777,216 

16-00000 

6-34960 

■0039062 

257 

66,049 

16,974,593 

16-03122 

6-35786 

•0038910 

258 

66,564 

17,173,512 

16-06328 

6-36610 

•0038760 

259 

67,081 

17,373,979 

16-09348 

6-37431 

•0038610 

260 

67,600 

17,576,000 

16-12451 

6-38250 

■0038461 

261 

68,121 

17,779,581 

16-15549 

6-39068 

•0038314 

262 

68,644 

17,984,728 

16-18641 

6-39883 

•0038168 

263 

69,169 

18,191,447 

16-21727 

6-40696 

•003S023 

264 

69,696 

18,399,744 

18,609,625 

16-24808 

6-41507 

•0037879 

265 

70,225 

16-27882 

6-42316 

•0037736 

266 

70,756 

18,821,096 

16-30951 

6-43123 

•5037594 

267 

71,289 

19,034,163 

16-34013 

6-43928 

•0037453 

268 

71,824 

19,248,832 

16-37070 

6-44730 

•0037313 

269 

72,361 

19,465,109 

16-40122 

6-45531 

•0037175 

270 

72,900 

19,683,000 

16-43168 

6-46330 

•0037037 

271 

73,441 

19,902,511 

16-4620S 

6-47127 

•0036900 

272 

73,984 

20,123,648 

16-49242 

6-47922 

•0036765 

273 

74,529 

20,346,417 

20,570,824 

16-52271 

6-48715 

•0036630 

274 

75,076 

16-55294 

6-44506 

•0036496 

275 

75,625 

20,796,875 

16-58312 

6-50296 

•0036364 

276 

76,176 

21,024,576 

16-61325 

6-51083 

•0036232 

277 

76,729 

21,253,933 

16-64332 

6-51868 

■0036101 

278 

77,284 

21,484,952 

16-67333 

6-52652 

•0035971 

279 

77,841 

21,717,639 

16-70329 

6-53433 

•0035842 

280 

78,400 

21,952,000 

16-73320 

6-54213 

•0035714 

281 

78,961 

22,188,041 

16-76305 

6-54991 

•0035587 

282 

79,524 

22,425,768 

16-79285 

6-55767 

•0035461 

283 

80,089 

22,665,187 

16-82260 

6-56541 

•0035336 

284 

80,656 

22,906,304 

16-85230 

6-57314 

■0035221 

285 

81,225 

23,149,125 

16-88194 

6-58084 

•0035088 

286 

81,796 

23,393,656 

16-91153 

6-58853 

•0034965 

287 

82,369 

23,639,903 

23,887,872 

16-94107 

6-59620 

•0034843 

288 

82,944 

16-97056 

6-60385 

•0034722 

289 

83,521 

24,137,569 

17-00000 

6-68149 

•0034602 

290 

84,100 

84,681 

24,389,000 

17-02939 

6-61911 

•0034483 

291 

24,642,171 

17-05872 

6-62670 

•0034364 

292 

85,264 

24,897,088 

17-08801 

6-63429 

•0034246 

293 

85,849 

25,153,757 

17-11724 

6-64185 

•0034130 

294 

86,436 

25,412,184 

17-14643 

6-64940 

■0034014 

295 

87,025 

25,672,375 

17-17556 

6-65693 

■0033898 

296 

87,616 

25,934,336 

17-20465 

6-66444 

•0033784 

297 

88,209 

26,198,073 

17-23369 

6-67194 

•0033670 

298 

88,804 

26,463,592 

17-26268 

6-67942 

•0033557 

299 

89,401 

26,730,899 

17-29162 

6-68688 

•0033445 

300 

90,000 

27,000,000 

17-32051 

6-69433 

•0033333 

301 

90,601 

27,270,901 

17-34935 

6-70176 

•0033222 

302 

91,204 

27,543,608 

17-37815 

6-70917 

•0033112 

303 

91,809 

27,818,127 

17-40689 

6-71657 

•0033013 

304 

92,416 

28,094,464 

17-43559 

6-72395 

•0032895 

305 

93,025 

28,372,625 

17-46425 

6-73131 

•0032787 

306 

93,636 

28,652,616 

17-49285 

6-73866 

•0032680 

307 

94,249 

28,934,443 

17-52141 

6-74600 

•0032573 

308 

94,864 

29,218,112 

17-54993 

6-75331 

•0032467 


o 
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Table of Squares, Cubes, and Square and Cube Roots Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

Reciprocals. 

309 

95,481 

29,503,629 

17-57839 

6-76061 

•0032363 

310 

96,100 

29,791,000 

17-60682 

6-76790 

•0032258 

311 

96,721 

30,080,231 

17-63519 

6-77517 

•0032154 

312 

97,344 

30,371,328 

17-66352 

6-78242 

•0032051 

313 

97,969 

30,664,297 

17-69181 

6-78966 

•0031949 

314 

98,596 

30,959,144 

17 72004 

6-79688 

•0031847 

315 

99,225 

31,255,875 

17-74824 

6-80409 

•0031746 

316 

99,856 

31,554,496 

17-77639 

6-81128 

•0031645 

317 

100,489 

31,855,013 

17-80449 

6-81846 

•0031546 

318 

101,124 

32,157,432 

17-83255 

6-82562 

•0031446 

319 

101,761 

32,461,759 

17-86057 

6-83277 

•0031348 

320 

102,400 

32,768,000 

17-88854 

6-83990 

•0031250 

321 

103,041 

33,076,161 

17-91647 

6-84702 

•0031153 

322 

103,684 

33,386,248 

17-94436 

6-85412 

•0031056 

323 

104,329 

33,698,267 

17-97220 

6-86121 

•0030960 

324 

104,976 

34,012,224 

18-00000 

6-86828 

.0030864 

325 

105,625 

34,328,125 

18-02776 

6-87534 

•0030769 

326 

106,276 

34,645,976 

18-05547 

6-88239 

■0030675 

327 

106,929 

34,965,783 

18-08314 

6-88942 

•0030581 

328 

107,584 

35,287,552 

18-11077 

6-89643 

■0030488 

329 

108,241 

35,611,289 

18-13836 

6-90343 

•0030395 

330 

108,900 

35,937,000 

18-16590 

6-91042 

•0030303 

331 

109,561 

36,264,691 

18-19340 

6-91740 

•0030211 

332 

110,224 

36,594,368 

18-22087 

6-92435 

•0030120 

333 

110,889 

36,926,037 

18-24829 

6-93131 

•0030030 

334 

111,556 

37,259,704 

18-27567 

6-93823 

■0029940 

335 

112,225 

37,595,375 

18-30300 

6-94515 

•0029851 

336 

112,896 

37,933,056 

18-33003 

6-95205 

•0029762 

337 

113,569 

38,272,753 

18-35756 

6-95894 

•0029673 

338 

114,244 

38,614,472 

18-38478 

6-96582 

.0029586 

339 

114,921 

38,958,219 

18-41195 

6-97268 

•0029498 

340 

115,600 

39,304,000 

18-43909 

6-97953 

•0029412 

341 

116,281 

39,651,821 

18-46618 

6-98637 

•0029325 

342 

116,964 

40,001,688 

18-49324 

6-99319 

•0029240 

343 

117,649 

40,353,607 

18-52026 

7-00000 

•0029154 

344 

118,336 

40,707,584 

18-54724 

7-00680 

•0029070 

345 

119,025 

41,063,625 

18-57417 

7-01358 

•0028985 

346 

119,716 

41,421,736 

18-60107 

7-02035 

•0028902 

347 

120,409 

41,781,923 

18-62794 

7-02710 

•0028818 

348 

121,104 

42,144,192 

18-65476 

7-03385 

•0028736 

349 

121,801 

42,508,549 

18-68154 

7-04059 

•0028653 

350 

122,500 

42,875,000 

18-70829 

7-04730 

•0028571 

351 

123,201 

43,243,551 

18-73499 

7-05400 

•0028490 

352 

123,904 

43,614,208 

18-76166 

7-06070 

•0028409 

353 

124,609 

43,986,977 

18-78829 

7-06738 

•0028329 

354 

125,316 

44,361,864 

18-81489 

7-07404 

■0028248 

355 

126,025 

44,738,875 

18-84144 

7-08070 

•0028170 

356 

126,736 

45,118,016 

18-86796 

7-08734 

•0028090 

357 

127,449 

45,499,293 

18-89444 

7-09397 

•0028011 

358 

128,164 

45,882,712 

18-92089 

7-10059 

•0027933 

359 

128,881 

46,268,279 

18-94729 

7-10719 

•0027855 

360 

129,600 

46,656,000 

18-97367 

7-11379 

•0027778 

361 

130,321 

47,045,831 

19-00000 

7-12037 

•0027701 

362 

131,044 

47,437,928 

19-02630 

7-12694 

•0027624 

363 

131,769 

47,832,147 

19-05256 

7-13349 

•0027548 

364 

132,496 

48,228,544 

19-07878 

7-14004 

•0027472 

365 

133,225 

48,627,125 

19-10497 

7-14657 

•0027397 

366 

133,956 

49,027,896 

19-13113 

7-15309 

-0027322 

367 

134,689 

49,430,863 

19-15724 

7-15960 

•0027248 

368 

135,424 

49,836,032 

19-18333 

7-16609 

•0027174 

369 

136,161 

50,243,409 

19-20937 

7-17258 

■0027100 

370 

136,900 

50,653,000 

19-23538 

7-17905 

•0027027 

371 

137,641 

51,064,811 

19-26136 

7-18552 

•0026954 

372 

138,384 

51,478,848 

19-28730 

7-19197 

•0026882 

373 

139,129 

51,895,117 

19-31321 

7-19840 

■0026810 

374 

139,876 

52,313,624 

19-33908 

7-20483 

•0026738 

375 

140,625 

52,734,375 

19-36492 

7-21125 

•0026667 

376 

141,376 

53,157,376 

19-39072 

7-21765 

■0026596 

377 

142,129 

53,582,633 

19-41649 

7-22404 

•0026525 

378 

142,884 

54,010,152 

19-44222 

7-23043 

•0026455 

379 

143,641 

54,439,939 

19-46792 

7-23680 

•0026385 

380 

144,400 

54,872,000 

19-49359 

7-24316 

•0026316 

381 

145,161 

55,306,341 

19-51922 

7-24950 

■0026247 

382 

145,924 

55,742,968 

19-54482 

7-25584 

•0026178 

383 

146,689 

56,181,887 

19-57038 

7-26217 

•0026110 

384 

147,456 

56,623,104 

19-59591 

7-26848 

•0026042 

385 

148,225 

57,066,625 

19-62142 

7-27479 

■0025974 
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Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

Reciprocals. 

386 

148,996 

57,512,456 

19-64688 

7-28108 

•0025907 

387 

149,769 

57,960,603 

19*67231 

7-28736 

•0025840 

388 

150,544 

58,411,072 

19-69771 

7-29363 

•0025773 

389 

151,321 

58,863,869 

19-72308 

7-29989 

•0025707 

390 

152,100 

59,319,000 

19-74842 

7-30614 

•0025641 

391 

152,881 

59,776,471 

19-77372 

7-31238 

•0025575 

392 

153,664 

60,236,288 

19-79899 

7-31861 

•0025510 

393 

154,449 

60,698,457 

19-82423 

7-32483 

•0025445 

394 

155,236 

61,162,984 

19-84943 

7-33104 

•0025381 

395 

156,025 

61,629,875 

19-87461 

7-33723 

•0025316 

396 

156,816 

62,099,136 

19-89975 

7-34342 

•0025252 

397 

157,609 

62,570,773 

19-92486 

7-34960 

•0025189 

398 

158,404 

63,044,792 

19-94994 

7-35576 

■0025126 

399 

159,201 

63,521,199 

19-97498 

7-36192 

•0025063 

400 

160,000 

64,000,000 

20-00000 

7-36806 

•0025000 

401 

160,801 

64,481,201 

20-02498 

7-37420 

•0024938 

402 

161,604 

64,964,808 

20-04994 

7-38032 

•0024876 

403 

162,409 

65,450,827 

20-07486 

7-38644 

•0024814 

404 

163,216 

65,939,264 

20-09975 

7-39254 

•0024752 

405 

164,025 

66,430,125 

20,12461 

7-39864 

•0024691 

406 

164,836 

66,923,416 

20-14944 

7-40472 

•0024630 

407 

165,649 

67,419,143 

20-17424 

7-41079 

•0024570 

408 

166,464 

67,917,312 

20-19901 

7-41686 

•0024510 

409 

167,281 

68,417,929 

20-22375 

7-42291 

■0024450 

410 

168,100 

68,921,000 

20-24846 

7-42896 

•0024390 

411 

168,921 

69,426,531 

20-27313 

7-43499 

•0024331 

412 

169,744 

69,934,528 

20-29778 

7-44102 

■0024272 

413 

170,569 

70,444,997 

20-32240 

7-44703 

•0024213 

414 

171,396 

70,957,944 

20-34699 

7-45304 

•0024154 

415 

172,225 

71,473,375 

20-37155 

7-45903 

•0024096 

416 

173,056 

71,991,296 

20-39608 

7-46502 

•0024068 

417 

173,889 

72,511,713 

20-42058 

7-47100 

•0023981 

418 

174,724 

73,034,632 

20-44505 

7-47697 

•0023923 

419 

175,561 

73,560,059 

20-46949 

7-48292 

•0023866 

420 

176,400 

74,088,000 

20-49390 

7-48887 

•0023809 

421 

177,241 

74,618,461 

20-51828 

7-494S1 

•0023753 

422 

178,084 

75,151,448 

20-54264 . 

7-50074 

•0023697 

423 

178,929 

75,686,967 

20-56696 

7-50666 

■0023641 

424 

179,776 

76,225,024 

20-59126 

7-51257 

•0023585 

425 

180,625 

76,765,625 

20-61553 

7-51847 

.0023529 

426 

181,476 

77,308,77 6 

20-63977 

7-52436 

•0023474 

427 

182,329 

77,854,483 

20-66398 

7-53025 

•0023419 

428 

183,184 

78,402,752 

20-68816 

7-53612 

•0023364 

429 

184,041 

78,953,589 

20-71231 

7-54199 

•0023310 

430 

184,900 

79,507,000 

20-73644 

7-54784 

•0023256 

431 

185,761 

80,062,991 

20-76054 

7-55369 

•0023202 

432 

186,624 

80,621,568 

20-78461 

7-55953 

•0923148 

433 

187,489 

81,182,737 

20-80865 

7-56535 

•0023095 

434 

188,356 

81,746,504 

20-83267 

7-57117 

•0023041 

435 

189,225 

82,312,875 

20-85665 

7-57698 

•0022988 

436 

190,096 

82,881,856 

20-88061 

7-58279 

•0022936 

437 

190,969 

83,453,453 

20-90454 

7-58858 

•0022883 

438 

191,844 

84,027,672 

20-92845 

7-59436 

•0022831 

439 

192,721 

84,604,519 

20-95233 

7-60014 

•0022779 

440 

193,600 

85,184,000 

20-97618 

7-60590 

■0022727 

441 

194,481 

85,766,121 

21-00000 

7-61166 

■0022676 

442 

195,364 

86,350,888 

21-02380 

7-61741 

•0022624 

443 

196,249 

86,938,307 

21-04757 

7-62315 

•0022573 

444 

197,136 

87,528,384 

21-07131 

7-62888 

•0022522 

445 

198,025 

88,121,125 

21-09502 

7-63461 

•0022472 

446 

198,916 

88,716,536 

21-11871 

7-64032 

•0022421 

447 

199,809 

89,314,623 

21-14237 

7-64603 

•0022371 

448 

200,704 

89,915,392 

21-16601 

7-65172 

•0022321 

449 

201,601 

90,518,849 

21-18962 

7-65741 

•0022272 

450 

202,500 

91,125,000 

21-21320 

7-66309 

•0022222 

451 

203,401 

91,733,851 

21-23676 

7-66877 

•0022173 

452 

204,304 

92,345,408 

21-26029 

7-67443 

•0022124 

453 

205,209 

92,959,677 

21-28380 

7-68008 

■0022075 

454 

206,116 

93,576,664 

21-30727 

7-68573 

•0022026 

455 

207,025 

94,196,375 

21-33073 

7-69137 

•0021978 

456 

207,936 

94,818,816 

21-35416 

7-69700 

•0021930 

457 

208,849 

95,443,993 

21-37751 

7-70262 

•0021882 

458 

209,764 

96,071,912 

21-40093 

7-70824 

•0021834 

459 

210,681 

96,702,579 

21-42428 

7-71884 

•0021786 

460 

211,600 

97,336,000 

21-44761 

7-71944 

•0021739 

461 

212,521 

97,972,181 

21-47091 

7-72503 

•0021692 

462 

213,444 

98,611,128 

21-49418 

7-73061 

•0021645 
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Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

463 

214,369 

99,252,847 

464 

215,296 

99,897,344 

465 

216,225 

100,544,625 

466 

217,156 

101,194,696 

467 

218,089 

101,847,563 

468 

219,024 

102,503,232 

469 

219,961 

103,161,709 

470 

220,900 

103,823,000 

471 

221,841 

104,487,111 

472 

222,784 

105,154,048 

473 

223,729 , 

105,828,817 

474 

224,676 

106,496,424 

475 

225,625 

107,171,875 

476 

226,576 

107,850,176 

477 

227,529 

108,531,333 

478 

228,484 

109,215,352 

479 

229,441 

109,902,239 

480 

230,400 

110,592,000 

481 

231,361 

111,284,641 

482 

232,324 

111,980,168 

483 

233,289 

112,678,587 

484 

234,256 

113,379,904 

485 

235,225 

114,084,125 

486 

236,196 

114,791,256 

487 

237,169 

115,501,303 

488 

238,144 

116,214,272 

489 

239,121 

116,930,169 

490 

240,100 

117,649,000 

491 

241,081 

118,370,771 

492 

242,064 

119,095,488 

493 

243,049 

119,823,157 

494 

244,036 

120,553,784 

495 

245,025 

121,287,375 

496 

246,016 

122,023,936 

497 

247,009 

122,763,473 

498 

248,004 

123,505,992 • 

499 

249,001 

124,251,499 

500 

250,000 

125,000,000 

501 

251,001 

125,751,501 

502 

252,004 

126,506,008 

503 

253,009 

127,263,527 

504 

254,016 

128,024,064 

505 

255,025 

128,787,625 

506 

256,036 

129,554,216 

507 

257,049 

130,323,843 

508 

258,064 

131,096,512 

509 

259,081 

131,872,229 

510 

260,100 

132,651,000 

511 

261,121 

133,432,831 

512 

262,144 

134,217,728 

513 

263,169 

135,005,697 

514 

264,196 

135,796,744 

515 

265,225 

136,590,875 

516 

266,256 

137,388,096 

517 

267,289 

138,188,413 

518 

268,324 

138,991,832 

519 

269,361 

139,798,359 

520 

270,400 

140,608,000 

521 

271,411 

141,420,761 

522 

272,484 

142,236,648 

523 

273,529 

143,055,667 

524 

274,576 

143,877,824 

525 

275,625 

144,703,125 

526 

276,676 

145,531,576 

527 

277,729 

146,363,183 

528 

278,784 

147,197,952 

529 

279,841 

148,035,889 

530 

280,900 

148,877,001 

531 

281,961 

149,721,291 

532 

283,024 

150,568,768 

533 

284,089 

151,419,437 

534 

285,156 

152,273,304 

535 

286,225 

153,130,375 

536 

287,296 

153,990,656 

537 

288,369 

154,854,153 

538 

289,444 

155,720,872 

539 

290,521 

156,590,819 


Square Roots. 

Cube Roots. 

Reciprocals. 

21-51743 

7-73619 

•0021598 

21-54066 

7-74175 

•0021552 

27-56386 

7-74731 

•0021505 

21-58703 

7-75286 

•0021459 

21-61018 

7-75840 

•0021413 

21-63231 

7.76394 

•0021367 

21-65641 

7-76946 

•0021322 

21-67948 

7-77498 

•0021277 

21-70253 

7-78049 

•0021231 

21-72556 

7-78599 

•0021186 

21-74856 

7-79149 

•0021142 

21-77154 

7-79697 

•0021097 

21-79449 

7-80245 

•0021053 

21-81742 

7-80792 

•0021008 

21-84033 

7-81339 

.0020965 

21-86321 

7-81884 

•0020920 

21-88607 

7-82429 

•0020877 

21-90890 

7-82973 

-0020833 

21-93171 

7-83517 

■0020790 

21-95450 

7-84059 

•0020747 

21-97726 

7-84601 

•0020704 

22-00000 

. 7-85142 

•0020661 

22-02271 

7-85683 

•0020619 

22-04541 

7-86222 

•0020576 

22-06808 

7-86761 

•0020534 

22-09072 

7-87299 

■0020492 

22-11334 

7-87837 

•0020450 

22-12594 

7-88373 

•0020408 

22-15852 

7-88909 

•0020367 

22-18107 

7-89445 

•0020325 

22-20360 

7-89979 

•0020284 

22-22611 

7-90513 

•0020243 

22-24859 

7-91046 

•0020202 

22-27106 

7-91578 

•0020161 

22-29350 

7-92110 

•0020121 

22-31591 

7-92641 

•0020080 

22-23831 

7-93171 

■0020040 

22-36069 

7-93700 

•0020000 

22-38303 

7-99429 

•0019960 

22-40536 

7-94757 

•0019920 

22-42766 

7-95285 

•0019881 

22-44994 

7-95811 

•0019841 

22-47220 

7-96337 

•0019802 

22-49444 

7-96863 

■0019763 

22-51666 

7-97387 

•0019724 

22-53885 

7-97911 

•0019685 

22-56103 

7-98434 

•0019646 

22-58318 

7-98957 

■0019608 

22-60531 

7-99479 

•0019569 

22-62742 

8-00000 

•0019531 

22-64950 

8-00520 

•0019493 

22-67157 

8-01040 

•0019455 

22-69361 

8-01559 

•0019417 

22-71563 

8-02078 . 

■0019380 

22-73763 

8-02596 

•0019342 

22-75961 

8-03113 

■0019305 

22-78157 

8-03629 

•0019268 

22-80351 

8-04145 

•0019231 

22-82542 

8-04660 

•0019194 

22-84732 

8-05175 

•0019157 

22-86919 

8-05689 

•0019120 

22-89105 

8-06202 

•0019084 

22-91288 

8-06714 

•0019048 

22-93469 

8-07226 

•0019011 

22-95648 

8-07737 

•0018975 

22-97825 

8-08248 

•0018939 

23-00000 

8-08758 

•0018903 

23-02173 

8-09267 

•0018868 

23-04344 

8-09776 

•0018832 

23-06512 

8-10284 

.-0018797 

23-08679 

8-10791 

•0018761 

23-10844 

8-11298 

•0018726 

23-13007 

8-11804 

•0018691 

23-15167 

8-12310 

•0018657 

23-17326 

8-12814 

•0018622 

23-19483 

8-13319 

•0018587 

23-21637 

8-13822 

•0018553 
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Table oe Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

Reciprocals. 

540 

291,600 

157,464,000 

23-23790 

8-14325 

■0018518 

541 

292,681 

158,340,421 

23-25941 

8-14828 

•0018484 

542 

293,764 

159,220,088 

23-28089 

8-15329 

•0018450 

543 

294,849 

160,103,007 

23-30236 

8-15830 

•0018416 

544 

295,936 

160,989,184 

23-32381 

8-16331 

•0018382 

545 

297,025 

161,878,625 

23-34523 

8-16831 

•0018349 

546 

298,116 

162,771,336 

23-36664 

8-17330 

■0018315 

547 

299,209 

163,667,323 

23-38803 

8-17829 

•0018281 

548 

300,304 

164,566,592 

23-40940 

8.18327 

•0018248 

549 

301,401 

165,469,149 

23-43075 

8-18824 

■0018215 

550 

302,500 

166,375,000 

23-45208 

8-19321 

•0018182 

551 

303,601 

167,284,151 

23-47339 

8-19817 

•0018149 

552 

304,704 

168,196,608 

23-49468 

8-20313 

•0018116 

553 

305,809 

169,112,377 

23-51595 

8-20808 

•0018083 

554 

306,916 

170,031,464 

23-53720 

8-21303 

•0018050 

555 

308,025 

170,953,875 

23-55844 

8-21796 

■0018018 

556 

309,136 

171,879,616 

23-57965 

8-22290 

•0017986 

557 

310,249 

172,808,693 

23-60085 

8-22782 

•0017953 

558 

311,364 

173,741,112 

23-62202 

8-23275 

■0017921 

559 

312,481 

174,676,879 

23-64318 

8-23766 

•0017889 

560 

313,600 

175,616,000 

23-66432 

8-24257 

•0017857 

561 

314,721 

176,558,481 

23-68544 

8-24747 

•0017825 

562 

315,844 

177,504,328 

23-70654 

8-25237 

•0017793 

563 

316,969 

178,453,547 

23-72762 

8-25726 

•0017762 

564 

318,096 

179,406,144 

23-74868 

8-26215 

•0017730 

565 

319,225 

180,362,125 

23-76973 

8-26703 

■0017699 

566 

320,356 

181,321,496 

23-79075 

8-27190 

•0017668 

567 

321,489 

182,284,263 

23-81176 

8-27677 

•0017637 

568 

322,624 

183,250,432 

23-83275 

8-28162 

•0017606 

569 

323,761 

184,220,009 

23-85372 

8-28649 

•0017575 

570 

324,900 

185,193,000 

23-87467 

8-29134 

•0017544 

571 

326,041 

186,169,411 

23-89561 

8-29619 

•0017513 

572 

327,184 

187,149,248 

23-91652 

8-30103 

•0017482 

573 

328,329 

188,132,517 

23-93742 

8-30586 

•0017452 

574 

329,476 

189,119,224 

23-95830 

8-31069 

•0017422 

575 

330,625 

190,109,375 

23-97916 

8-31552 

•0017391 

576 

331,776 

191,102,976 

24-00000 

8-32033 

•0017361 

577 

332,927 

192,100,033 

24-02082 

8-32515 

•0017331 

578 

334,084 

193,100,552 

24-04163 

8-32995 

•0017301 

579 

335,241 

194,104,539 

24-06242 

8-33475 

•0017271 

580 

336,400 

195,112,000 

24-08319 

8-33955 

•0017241 

581 

337,561 

196,122,941 

24-10394 

8-34434 

■0017212 

582 

338,724 

197,137,368 

24-12468 

8-34912 

•0017182 

583 

339,889 

198,155,287 

24-14539 

8-35390 

•0017153 

584 

341,056 

199,176,704 

24-16609 

8-35868 

•0017123 

585 

342,225 

200,201,625 

24-18677 

8-36345 

•0017094 

586 

343,396 

201,230,056 

24-20744 

8-36821 

•0017065 

587 

344,569 

202,262,003 

24-22808 

8-37297 

•0017036 

588 

345,744 

203,297,472 

24-24871 

8-37772 

•0017007 

589 

346,921 

204,336,469 

24-26932 

8-38246 

•0016978 

590 

348,100 

205,379,000 

24-28991 

8-38721 

•0016949 

591 

349,281 

206,425,071 

24-31050 

8-39194 

•0016920 

592 

350,464 

207,474,688 

24-33105 

8-39667 

•0016892 

593 

351,649 

208,527,857 

24-35159 

8-40140 

•0016863 

594 

352,836 

209,584,584 

24-37211 

8-40612 

•0016835 

595 

354,025 

210,644,875 

24-39262 

8-41083 

•0016807 

596 

355,216 

211,708,736 

24-41311 

8-41554 

•0016778 

597 

356,409 

212,776,173 

24-43358 

8-42025 

■0016750 

598 

357,604 

213,847,192 

24-45404 

8-42494 

•0016722 

599 

358,801 

214,921,799 

24-47448 

8-42964 

•0016694 

600 

360,000 

216,000,000 

24-49490 

8-43433 

•0016667 

601 

361,201 

217,081,801 

24-51530 

8-43901 

■0016639 

602 

362,404 

218,167,208 

24-53569 

8-44369 

•0016611 

603 

363,609 

219,256,227 

24-55606 

8-44836 

•0016584 

604 

364,816 

220,348,864 

24-57641 

8-45303 

•0016557 

605 

366,025 

221,445,125 

24-59675 

8-45769 

•0016529 

606 

367,236 

222,545,016 

24-61707 

8-46235 

■0016502 

607 

368,449 

223,648,543 

24-63737 

8-46700 

•0016474 

608 

369,664 

224,755,712 

24-65766 

8-47165 

•0016447 

609 

370,881 

225,866,529 

24-67792 

8-47629 

•0016420 

610 

372,100 

226,981,000 

24-69818 

8-48093 

•0016393 

611 

373,321 

228,099,131 

24-71841 

8-48556 

■0016367 

612 

374,544 

229,220,928 

24-73863 

8-49018 

•0016340 

613 

375,769 

230,346,397 

24-75884 

8-49481 

•0016313 

614 

376,996 

231,475,544 

24-77902 

8-49942 

•0016287 

615 

378,225 

232,608,375 

24-79919 

8-50403 

•0016260 

616 

379,456 

233,744,896 

24-81935 

8-50864 

•0016234 
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Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

SqnMm 

Cubes. 

Square Roots. 

Cube Roots. 

617 

380,689 

234,885,113 

24-83948 

8-51324 

618 

381,924 

236,029,032 

24-85960 

8-51784 

619 

383,161 

237,176,659 

24-87971 

8-52243 

620 

384,400 

238,328,000 

24-89980 

8-52702 

621 

385,641 

239,483,061 

24-91987 

8-53160 

622 

386,884 

240,641,848 

24-93993 

8-53618 

623 

388,129 

241.804,367 

24-95997 

8-54075 

624 

389,376 

242,970,624 

24-97999 

8-54532 

625 

390,625 

244.140,625 

25-00000 

8-54988 

626 

391,876 

245,134,376 

25-01999 

8-55444 

627 

393,129 

246,491,883 

25-03997 

8-55899 

628 

394,384 

247,673,152 

25-05993 

8-56354 

629 

395,6*1 

248,858,1S9 

25-07987 

8-56808 

630 

396,900 

250,'047,000 

25-09980 

8-57262 

631 

398,161 

251,239,591 

25-11971 

8-57715 

632 

399,434 

252,435,968 

25-13961 

8-58168 

633 

400,689 

253,636,137 

25-15949 

8-58622 

634 

401,956 

254.840,104 

25-17936 

8-59072 

635 

403,225 

256,047,875 

25-19921 

8-59524 

636 

404,496 

257,259,456 ' 

25-21904 

8-59975 

637 

4015,769 

258.474,853 

25-23886 

8-60425 

638 

407,1044 

259,694,072 

25-25866 

8-60875 

639 

408,321 

260,917,119 

25-27845 

8-61325 

640 

409,600 

262,144,000 

25-29822 

8-61774 

641 

410,881 

263,374,721 

25-31798 

8-62222 

642 

412,164 

264,609,288 

25-33772 

8-62671 

643 

413,449 

265,847,707 

25-35744 

8-63118 

644 

414,736 

267,089,984 

25-37715 

8-63565 

645 

416,125 

268,336,125 

25-39685 

8-64012 

646 

417,316 

269,585,136 

25-41653 

8-64458 

647 

418,609 

270,840,023 

25-43619 

8-64904 

648 

419,904 

272,097,792 

25-45584 

8-65350 

649 

421,201 

273,359,449 

25-47548 

8-65795 

650 

422,500 

274,625,000 

25-49510 

8-66239 

651 

423,801 

275,894,451 

25-51470 

8-66683 

652 

425,104 

277,167,808 

25-53429 

8-67127 

653 

426,409 

278,445,077 

25-55386 

8-67570 

654 

427,716 

279,726,264 

25-57342 

8-68012 

655 

429,025 

281,011,375 

25-59297 

8-68454 

6^6 

430,336 

282,300,416 

25-61250 

8-68896 

657 

431,639 

283,593,393 

25-63201 

8-69337 

658 

432,964 

284,890,312 

25-65151 

8-69778 

659 

434,281 

286,191,179 

25-67010 

8-70219 

660 

435,600 

287,496,000 

25-69046 

8-70659 

661 

436,921 

288,804,781 

25-70992 

8-71H98 

662 

438.244 

290,117,528 

25-72936 

8-71537 

663 

439,569 

291,434,247 

25-74879 

8-71976 

664 

440,896 

292,754,944 

25-76820 

8-72414 

665 

442,225 

294,079,625 

25-78759 

8-72852 

666 

443,556 

295,408,296 

25-80697 

8-73289 

667 

444,899 

296,740,963 

25-82634 

8-73726 

668 

446,224 

298,077,632 

25-84570 

8-74162 

669 

447',561 

299,418,309 

25-86503 

8-74598 

670 

448,900 

300,763,000 

25-88436 

8-75034 

671 

450,241 

302,111,711 

25-90367 

8-75469 

672 

451,584 

303,464,448 

25-92296 

8-75904 

673 

452,929 

304,821,217 

25-94224 

8-76338 

674 

454,276 

306,182,024 

25-96151 

8-76772 

675 

455,265 

307,546,875 

25-98076 

8-77205 

676 

456,976 

308,915,776 

26-00000 

8-77638 

677 

458,329 

310,288,733 

26-01922 

8-78071 

678 

459,684 

311,665,752 

26-03843 

8-78503 

679 

461,041 

313,046,839 

26-05763 

8-78935 

680 

462,400 

314,432,000 

26-07681 

8-79366 

681 

463,761 

315,821,241 

26-09598 

8-79797 

682 

465,124 

317,214,568 

26-11513 

8-80227 

683 

466,489 

318,611,987 

26-13427 

8-80657 

684 

467,856 

320,013,504 

26-15339 

8-81087 

685 

469,225 

321,419,125 

26-17250 

8-81516 

686 

470,596 

322,828,856 

26-19160 

8-81945 

687 

471,969 

324,242,703 

26-21068 

8-82373 

688 

473,344 

325,660,672 

26-22975 

8-82801 

689 

474,721 

327,082,769 

26-24881 

8-83228 

690 

476,100 

328,509,000 

26-26785 

8-83655 

691 

477,481 

329,939,371 

26-28688 

8-84082 

692 

478,864 

331,373,888 

26-30589 

8-84508 

693 

480,249 

332,812,557 

26-32489 

8-84934 


Reciprocals 

•0016207 

•0016181 

•0016155 

•0016129 

•0016103 

•0016077 

•0016051 

•0016026 

■0016000 

•0015974 

•0015949 

•0015923 

•0015898 

•0015873 

•0015848 

•0015823 

•0015798 

•0015773 

■0015748 

•0015723 

•0015698 

•0015674 

•0015649 

•0015625 

•0015601 

•0015576 

•0015552 

•0015528 

•0015504 

■0015480 

•0015456 

•0015432 

■0015408 

•0015385 

•0015361 

■0015337 

•0015314 

•0015290 

•0015267 

■0015244 

•0015221 

•0015197 

•0015174 

■0015151 

•0015128 

•0015106 

•0015083 

•0015060 

•0015037 

•0015015 

•0014992 

•0014970 

•0014948 

•0014925 

•0014903 

•0014881 

•0014859 

■0014837 

•0014815 

•0014793 

•0014771 

•0014749 

•0014727 

•0014706 

•0014684 

■0014663 

•0014641 

•0514620 

•0014598 

•0014577 

■0014556 

■0014535 

•0014514 

•0014493 

•0014472 

•0014451 

•0014430 
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Table oe Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

Reciprocals. 

694 

481,636 

334,255,384 

26-34388 

8-85360 

•0014409 

695 

483,025 

335,702,375 

26-36285 

8-85785 

•0014383 

696 

484,416 

337,153,536 

26-38181 

8-86209 

•0014368 

697 

485,809 

338,608,873 

26-40076 

8-86634 

•0014347 

698 

487,204 

340,068,392 

26-41969 

8-87057 

•0014327 

699 

488,601 

341,532,099 

26-43861 

8-87481 

•0014306 

700 

490,000 

343,000,000 

26-45751 

8-87904 

•0014286 

701 

491,401 

344,472,101 

2647640 

8-88327 

■0014265 

702 

492,804 

345,948,408 

26-49528 

8-88749 

•0014245 

703 

494,209 

347,428,927 

2641415 

8-89171 

•0014225 

704 

495,616 

348,913,664 

26-53300 

8-89592 

■0014204 

705 

497,025 

350,402,625 

26-55184 

8-90013 

•0014184 

706 

498,436 

351,895,816 

26-57066 

8-90434 

•0014164 

707 

499,849 

353,893,243 

26-58947 

8-90854 

•0014144 

708 

501,264 

354,894,912 

26-60827 

8-91274 

•0014124 

709 

502,681 

356,400,829 

26-52705 

8-91693 

•0014104 

710 

504,100 

357,911,000 

26-64582 

8-92112 

•0014084 

711 

505,521 

359,425,431 

26-66458 

8-92531 

•0014065 

712 

506,944 

360,944,128 

26-68333 

8-92949 

•0014045 

713 

508,369 

362,467,097 

26-70206 

8-93367 

•0014025 

714 

509.796 

363.994,344 

26-72078 

8-93784 

•0014906 

715 

511,225 

365,525,875 

26-73948 

8-94201 

•0013986 

716 

512,656 

367,061,696 

26-75818 

8 94618 

■0013966 

717 

614,089 

368,601,813 

26-77685 

8-95034 

•0013947 

718 

515,524 

370,146,232 

26-79552 

8-95450 

•0013928 

719 

516,961 

371,694.959 

26-81417 

8-95866 

•0013908 

720 

518,400 

373,248,000 

26-83281 

8-96281 

•0013889 

721 

519,841 

374,805,361 

26-85144 

8-96696 

•0013870 

722 

521,284 

376,367,048 

26-87006 

8-97110 

•0013850 

723 

522,729 

377,933,067 

26-88866 

8-97524 

•0013831 

724 

524,176 

379,503,424 

26-90725 

8-97938 

•0013812 

725 

525,625 

381,078,125 

26-92582 

8-98351 

•0013793 

726 

527,076 

382,657,176 

26-94439 

8-98764 

•0013774 

727 

528,529 

384,240,583 

26-96294 

8-99176 

•0013755 

728 

529,984 

385,828,352 

26-98147 

8-99589 

■0013736 

729 

531,441 

387,420,489 

27-00000 

9-00000 

•0013717 

730 

532,900 

389,017,000 

27-01851 

9-00411 

•0013699 

731 

534,361 

390,617,891 

27-03701 

9-00822 

•0013680 

732 

535,824 

392,223,168 

27-05550 

9-01233 

•0013661 

733 

537.289 

393,832,837 

27-07397 

9-01643 

•0013642 

734 

538,756 

395,446,904 

27-09243 

9-02053 

•0013624 

735 

540,225 

397,065,375 

27-11088 

9-02462 

•0013605 

736 

541,696 

398,688,256 

27-12932 

9-02871 

•0013587 

737 

543,169 

400,315,553 

27-14771 

9-03280 

■0013568 

738 

544,644 

401,947,272 

27-16615 

9-03688 

•0013550 

739 

546,121 

403,583,419 

27-18455 

9-04096 

•0013532 

740 

547,600 

405,224,000 

27-20291 

9.04504 

■0013513 

741 

549,801 

406,869,021 

27-22131 

9-04911 

•0013495 

742 

550,564 

408,518,488 

27-23968 

9-05318 

•0013477 

743 

552,049 

410,172,407 

27-25803 

9-05725 

•0013459 

744 

553,536 

411,830,784 

27-27636 

9-06131 

•0013441 

745 

555,025 

413,493,625 

27-29469 

9-06537 

•0013423 

746 

556,516 

415,160,936 

27-31300 

9-06942 

•0013405 

747 

558,009 

416,832,723 

27-33130 

9-07347 

•0013387 

748 

559,504 

418,508,992 

27-34959 

9-07752 

-0013369 

749 

561.001 

420,189,749 

27-36786 

9-08156 

•0013351 

750 

562,500 

421,875,000 

27-38613 

9-08560 

•0013333 

751 

564,001 

423,564,751 

2740438 

9-08963 

•0013315 

752 

565,504 

425,259,008 

27-42262 

9-09367 

•0013298 

753 

567,009 

426,957,777 

27-44084 

9-09770 

•0013280 

754 

568,516 

428,661,064 

27-45906 

9-10173 

•0013263 

755 

570,025 

430,368,875 

27-47726 

9-10575 

•0013245 

756 

571,536 

432,081,216 

27-49545 

9-10977 

•0013227 

757 

573,049 

433,798,093 

27-51363 

9-11378 

•0013210 

758 

574,564 

435,519,512 

27-53180 

9-11779 

•0013193 

759 

576,081 

437,245,479 

27-54995 . 

9-12180 

•0013175 

760 

577,600 

438,976,000 

27-56810 

9-12580 

•0013158 

761 

579,121 

440,711,081 

27-58623 

9-12981 

•0013141 

762 

580,644 

442,450,728 

27-60435 

9-13380 

•0013123 

763 

582,169 

444,194,947 

27-62245 

9-13780 

•0013106 

764 

583,696 

445,943,744 

27-64055 

9-14179 

•0013089 

765 

585,225 

447,697,125 

27-65863 

9-14577 

•0013072 

766 

586,756 

449,455,096 

27-67670 

9-14976 

•0013055 

. 767 

588,289 

451,217,663 

27-69476 

9-15374 

•0013038 

768 

589,824 

452,984,832 

27-71281 

9-15771 

•0013021 

769 

591,361 

454,756,609 

27-73085 

9-16169 

•0013004 

770 

592,900 

456,533,000 

27-74887 

9-16566 

•0012987 
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Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Eoots. 

Cube Roots. 

Reciprocals. 

771 

594,441 

458,314,011 

27-76689 

9-16962 

•0012970 

772 

595,984 

460,099,648 

27-78489 

9-17358 

•0012953 

773 

597,529 

461,889,917 

27-80288 

9-17754 

•0012937 

774 

599,076 

463,684,824 

27-82085 

9-18150 

■0012920 

775 

600,625 

465,484,375 

27-83882 

9-18545 

•0012903 

776 

602,176 

467,288,576 

27-85678 

9-18940 

•0012887 

777 

603,729 

469,097,433 

27-87472 

9-19335 

•0012870 

778 

605,284 

470,910,952 

27-89265 

9-19729 

■0012853 

779 

606,841 

472,729,139 

27-91057 

9-20123 

‘0012837 

780 

608,400 

474,552,000 

27-92848 

9-20516 

•0012820 

781 

609,961 

476,379,541 

27-94638 

9-20910 

•0012804 

782 

611,524 

478,211,768 

27-96426 

9-21302 

•0012788 

783 

613,089 

480,048,687 

27-98214 

9-21695 

•0012771 

784 

614,656 

481,890,304 

28-00000 

9-22087 

•0012755 

785 

616,225 

483,736,625 

28-01785 

9-22479 

•0012739 

786 

617,796 

485,587,656 

28-03569 

9-22871 

•0012723 

787 

619,369 

487,443,403 

28-05352 

9-23262 

•0012706 

788 

620,944 

489,303,872 

28-07134 

9-23653 

•0012690 

789 

622,521 

491,169,069 

28-08914 

9-24043 

•0012674 

790 

624,100 

493,039,000 

28-10694 

9-24433 

■0012658 

791 

625,681 

494,913,671 

28-12472 

9-24823 

•0012642 

792 

627,264 

496,793,088 

28-14249 

9-25213 

•0012626 

793 

628,849 

498,677,257 

28-16025 

9-25602 

■0012610 

794 

630,436 

500,566,184 

28-17800 

9-25991 

•0012594 

795 

632,025 

502,459,875 

28-19574 

9-26380 

•0012579 

796 

633,616 

504,358,336 

28-21347 

9-26768 

■0012563 

797 

635,209 

506,261,573 

28-23119 

9-27156 

•0012547 

798 

636,804 

508,169,592 

28-24889 

9-27543 

•0012531 

799 

638,401 

510,082,399 

28-26659 

9-27931 

•0012514 

800 

640,000 

512,000,000 

28-28427 

9-28318 

•0012500 

801 

641,601 

513,922,401 

28-30194 

9-28704 

•0012484 

802 

643,204 

515,849,608 

28-31960 

9-29090 

•0012469 

803 

644,809 

517,781,627 

28-33725 

9-29477 

■0012453 

804 

646,416 

519,718,464 

28-35489 

9-29862 

•0012438 

805 

648,025 

521,660,125 

28-37252 

9-30248 

•0012422 

806 

649,636 

523,606,616 

28-39014 

9-30633 

•0012407 

807 

651,249 

525,557,943 

28-40774 

9-31015 

•0012391 

808 

652,864 

527,514,112 

28-42534 

9-31402 

•0012376 

809 

654,481 

529,475,129 

28-44292 

9-31786 

•0012361 

810 

656,100 

531,441,000 

28-46050 

9-32170 

•0012346 

811 

657,721 

533,411,731 

28-47806 

9-32553 

•0012330 

812 

659,344 

535,387,328 

28-49561 

9-32936 

■0012315 

813 

660,969 

537,367,797 

28-51315 

9-33319 

•0012300 

814 

662,596 

539,353,144 

28-53068 

9-33702 

■0012285 

815 

664,225 

541,343,375 

28-54820 

9-34084 

•0012270 

816 

665,856 

543,338,496 

28-56571 

9-34466 

■0012255 

817 

667,489 

545,338,513 

28-58321 

9-34847 

•0012240 

818 

669,124 

547,343,432 

28-60070 

9-35228 

■0012225 

819 

670,761 

549,353,259 

28-61818 

9-35609 

•0012210 

820 

672,400 

551,368,000 

28-63564 

9-35990 

•0012195 

821 

674,041 

553,387,661 

28-65310 

9-36370 

•0012180 

822 

675,684 

555,412,248 

28-67054 

9-36750 

•0012165 

823 

677,329 

557,441,767 

28-68797 

9-37130 

•0012151 

824 

678,976 

559,476,224 

28-70540 

9-37510 

•0012136 

825 

680,625 

561,515,625 

28-72281 

9-37889 ' 

•0012121 

826 

682,276 

563,559,976 

28-74021 

9-38267 

•0012106 

827 

683,929 

565,609,283 

28-75761 

9-38646 

•0012092 

828 

685,584 

567,663,552 

28-77499 

9-39024 

•0012077 

829 

687,241 

569,722,789 

28-79236 

9-39402 

•0012063 

830 

688,900 

571,787,000 

28-80972 

9-39780 

•0012048 

831 

690,561 

573,856,191 

28-82707 

9-40157 

•0012034 

832 

692,224 

575,930,368 

28-84441 

9-40534 

•0012019 

833 

693,889 

578,009,537 

28-86174 

9-40910 

•0012005 

834 

695,556 

580,093,704 

28-87906 

9-41287 

■0011990 

835 

697,225 

582,182,875 

28-89637 

9-41663 

•0011976 

836 

698,896 

584,277,056 

28-91366 

9-42039 

•0011962 

837 

700,569 

586,376,253 

28-93095 

9-42414 

•0011947 

838 

702,244 

588,480,472 

28-94823 

9-42789 

•0011933 

839 

703,921 

590,589,719 

28-96550 

9-43164 

•0011919 

840 

705,600 

592,704,000 

28-9S275 

9-43538 

•0011905 

841 

707,281 

594,823,321 

29-00000 

9-43913 

•0011891 

842 

708,964 

596,947,688 

29-01724 

9-44287 

•0011876 

843 

710,649 

599,077,107 

29-03446 

9-44661 

•0011862 

844 

712,336 

601,211,584 

29-05168 

9-45034 

•0011849 

845 

714,025 

603,351,125 

29-06888 

9-45407 

•0011834 

846 

715,716 

605,495,736 

29-08608 

9-45780 

•0011820 

847 

717,409 

607,645,423 

29-10326 

9-46152 

•0011806 
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Table' of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. . 

Cube.s. 

Square Roots. 

Cube Roots. 

Reciprocals. 

848 

• 719,104 

609,800,192 

29-12044 

9-46525 

•0011792 

849 

720,801 

611,960,049 

29-13760 

9-46897 

•0011778 

850 

722,500 

614,125,000 

29-15476 

9-47268 

•0011765 

851 

724,201 

616,295,051 

29-17190 

9-42639 

•0011751 

852 

725,904 

618,470,208 

29-18904 

9-48011 

•0011737 

853 

727,609 

620,650,477 

29-20616 

9-48381 

•0011723 

854 

729,316 

622,835,864 

29-22328 

9-48752 

•0011704 

855 

731,025 

625,026 375 

29-24038 

9-49122 

•0011696 

856 

732,736 

627,222,016 

29-25748 

9-49492 

•0011682 

857 

734,449 

629,422,793 

29-27456 

9-49861 

•0011669 

858 

736,164 

631,628,712 

29-29164 

9-50231 

•0011655 

859 

737,881 

633,839,779 

29-30870 

9-50600 

•0011641 

860 

739,600 

636,056,000 

29-32576 

9-50968 

•0011628 

861 

741,321 

638,277,381 

29-34280 

9-51337 

•0011614 

862 

743,044 

640,503,928 

29-35984 

9-51705 

•0011601 

863 

744,769 

642,735,647 

29-37686 

9-52073 

•0011587 

864 

746,496 

644,972,544 

29-39388 

9-52441 

■0011574 

865 

748,225 

647,214,625 

29-41088 

9-52808 

•0011561 

866 

749,956 

649,461,896 

29-42788 

9-53175 

■0011547 

867 

751,689 

651,714,363 

29-44486 

9-53542 

•0011534 

868 

753,424 

653,972,032 

29-46184 

9-53908 

•0011521 

869 

755,161 

656,234,909 

29-47880 

9-54274 

•0011507 

870 

756,900 

658,503,000 

29-49576 

9-54640 

•0011494 

871 

758,641 

660,776,311 

29-51271 

9-55006 

•0011481 

872 

760,384 

663,054,848 

29-52965 

9-55371 

•0011468 

873 

762,129 

665,338,617 

29-54657 

9-55736 

•0011455 

874 

763,876 

667,627,624 

29-56349 

9-56101 

•0011442 

875 

765,625 

669,921,875 

29-58040 

9-56465 

•0011428 

876 

767,376 

672,221,376 

29-59730 

9-56828 

■0011415 

877 

769,129 

674,526,133 

29-61418 

9-57194 

•0011402 

878 

770,884 

676,836,152 

29-63106 

9-57557 

•0011389 

879 

772,641 

679,151,439 

29-64793 

9-53921 

•0011376 

880 

774,400 

681,472,000 

29-66479 

9-58284 

•0011364 

881 

776,161 

683,797,841 

29-68164 

9-58647 

•0011351 

882 

777,924 

686,128,968 

29-69848 

9-59019 

•0011338 

883 

779,689 

688,465,387 

29-71531 

9-59372 

•0011325 

884 

781,456 

690,807,104 

29-73214 

9-59734 

■0011312 

885 

782,225 

693,154,125 

29-74895 

9-60095 

•0011299 

886 

783,996 

695,506,456 

29-76575 

9-60457 

•0011287 

887 

786,769 

697,864,103 

29-78254 

9-60818 

•0011274 

888 

788,544 

700,227,072 

29-79933 

9-61179 

•0011261 

889 

790,321 

702,595,369 

29-81610 

9-61540 

•0011248 

890 

792,100 

704,969,000 

29-83287 

9-61900 

•0011236 

891 

793,881 

707,347,971 

29-84962 

9-62260 

•0011223 

892 

795,664 

707,932,288 

29-86637 

9-62620 

•0011211 

893 

797,449 

712,121,957 

29-88310 

9-62980 

•0011198 

894 

799,236 

714,516,084 

29-88983 

9-63339 

•0011186 

895 

801,025 

716,917,375 

29-91655 

9-63698 

•0011178 

896 

802,816 

719,323,136 

29-93326 

9-64057 

•0011161 

897 

804,609 

721,734,273 

29-94996 

9-64415 

•0011148 

898 

806,404 

724,150,792 ' 

29-96665 

9-64774 

•0011136 

899 

808,201 

726,572,699 

29-98333 

9-65131 

•0011123 

900 

810,000 

729,000,000 

30-00000 

9-65489 

•0011111 

901 

811,801 

731,432,701 

30-01666 

9-65847 

•0011099 

902 

813,604 

733,870,808 

30-03331 

9-66204 

•0011086 

903 

815,409 

736,314,327 

30-04996 

9-66561 

•0011074 

904 

817,216 

738,763,264 

30-06659 

9-66918 

•0011062 

905 

819,025 

741,217,625 

30-08322 

9-67274 

■0011050 

906 

S20,836 

743,677,416 

30-09983 

9-67630 

•0011037 

907 

822,649 

746,142,643 

30-11644 

9-67986 

•0011025 

908 

824,464 

748,613,312 

30-13304 

9-68342 

•0011013 

909 

826,281 

751,089,429 

30-14963 

9-68697 

•0011001 

910 

828,100 

753,571,000 

30-16321 

9-69052 

•0010989 

911 

829,921 

756,058,031 

30-18278 

9-69407 

•0010977 

912 

831,744 

758,550,528 

30-19934 

9-69761 

•0010965 

913 

833,569 

761,048,497 

30-21589 

9-70116 

•0010953 

914 

835,396 

763,551,944 

30-23243 

9-70470 

■0010941 

915 

837,225 

766,060,875 

30-24897 

9-70824 

•0010929 

916 

839,056 

768,575,296 

30-26549 

9-71177 

•0010917 

917 

840,889 

771,095,213 

30-28201 

9-71530 

•0010905 

918 

842,724 

773,620,632 

30-29851 

9-71883 

•0010893 

919 

844,561 

776,151,559 

30-31501 

9-72236 

•0010881 

920 

846,400 

778,688,000 

30-33150 

9-72589 

•0010869 

921 

848,241 

781,229,961 

30-34798 

9-72941 

•0010858 

922 

850,084 

783,777,448 

30-36445 

9-73293 

•0010846 

923 

851,929 

786,330,467 

30-38091 

9-73645 

•0010834 

924 

853,776 

788,889,024 

30-39737 

9-73996 

•0010822 
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Table of Squares, Cubes, and Square and Cube Roots— Continued. 


No. 

Squares. 

Cubes. 

Square Roots. 

Cube Roots. 

925 

855,625 

791,453,125 

30-41381 

9-74347 

926 

857,476 

794,022,776 

30-43025 

9-74698 

927 

859,329 

796,597,983 

30-44667 

9-75049 

928 

861,184 

799,178,752 

30-46309 

9-75400 

929 

863,041 

801,765,089 

30-47950 

9-75750 

930 

864,900 

804,357,000 

30-49590 

9-76100 

931 

866,761 

806,954,491 

30-51229 

9-76450 

932 

868,624 

809,557,568 

30-52867 

9-76799 

933 

870,489 

812,166,237 

30-54505 

9-77148 

934 

872,356 

814,780,504 

30-56141 

9-77497 

935 

874.225 

817,400.375 

30-57777 

9-77846 

936 

876,096 

820,025,856 

30-59412 

9-78295 

937 

877,969 

822,656,953 

30-61045 

9-78543 

938 

879,844 

825,293,672 

30-62678 

9-78891 

939 

. 881,721 

827,936,019 

30-64311 

9-79239 

940 

883,600 

830,584,000 

30-65942 

9-79586 

941 

885,481 

833,237,621 

30-67572 

9-79933 

942 

887,364 

835,896,888 

30-69202 

9-80280 

943 

889,249 

838,561,807 

30-70830 

9-80627 

944 

891,136 

841,232,384 

30-72458 

9-80974 

945 

893,025 

843,908,625 

30-74085 

9-81320 

946 

894,916 

846,590,536 

30-75711 

9-81666 

947 

896,809 

849,278,123 

30-77336 

9-82012 

948 

898,704 

851,971,392 

30-78961 

9-82357 

949 

900,601 

854,670,349 

30-80584 

9-82702 

950 

902,500 

857,375,000 

30-82207 

9-83047 

951 

904,401 

860,085,351 

30-83829 

9-83392 

952 

906,304 

862,801,408 

30-85450 

9-83737 

953 

908,209 

865,523,177 

30-87070 

9-84081 

954 

910,116 

868,250,664 

30-88689 

9-84425 

955 

912,025 

870,983,875 

30-90307 

9-84769 

956 

913,936 

873,722,816 

30-91925 

9-85113 

957 

915,849 

876,467,493 

30-93542 

9-85456 

958 

917,764 

879,217,912 

30-95157 

9-85799 

959 

919,681 

881,974,079 

30-96772 

9-86142 

960 

921,600 

884,736,000 

30-98387 

9-86485 

961 

923,521 

887,503,681 

31-00000 

9-86827 

962 

925,444 

890,277,128 

31-01612 

9-87169 

963 

927,369 

893,056,347 

31-03224 

9-87511 

964 

929,296 

895,841,344 

31-04835 

9-87853 

965 

931,225 

898,632,125 

31-06445 

9-88194 

966 

933,156 

901,428,696 

31-08054 

9-88536 

967 

935,089 

904,231,063 

31-09662 

9-88877 

968 

937,024 

907,039,232 

31-11270 

9-89217 

969 

938,961 

909,853,209 

31-12876 

9-89558 

970 

940,900 

912,673,000 

31-14482 

9-89898 

971 

942,841 

915,498,611 

31-16087 

9-90238 

972- 

944,784 

918,330,048 

31-17691 

9-90578 

973 

946,729 

921,167,317 

31-19295 

9-90918 

974 

948,676 

924,010,424 

31-20897 

9-91257 

975 

950,625 

926,859,375 

31-25500 

9-91596 

976 

952,576 

929,714,176 

31-24100 

9-91935 

977 

954,529 

932,574,833 

31-25700 

9-92273 

978 

956,484 

935,441,352 

31-27299 

9-92612 

979 

958,441 

938,313,739 

31-28897 

9-92950 

980 

960,400 

941,192,000 

31-30495 

9-93288 

981 

962,361 

944,076,141 

31-32092 

9-93626 

982 

964,324 

946,966,168 

31-33688 

9-93964 

983 

966,289 

949,862,087 

31-35283 

9-94301 

984 

968,256 

952,763,904 

31-36877 

9-94638 

985 

970,225 

955,671,625 

31-38471 

9-94975 

986 

972,196 

958,585,256 

31-40063 

9-95311 

987 

974,169 

961,504,803 

31-41656 

9-95648 

988 

976,144 

964,430,272 

31-43246 

9-95984 

989 

978,121 

967,361,669 

31-44837 

9-96320 

990 

980,100 

970,299,000 

31-46427 

9-96655 

991 

982,081 

973,242,271 

31-48015 

9-96990 

992 

984,064 

976,191,488 

31-49603 

9-97326 

993 

986,049 

979,146,657 

31-51190 

9-97661 

994 

988,036 

982,107,784 

31-52776 

9-97996 

995 

990,025 

985,074,875 

31-54362 

9-98330 

996 

992,016 

988,047,936 

31-55947 

9-98665 

997 

994.009 

991,026,973 

31-57531 

9-98999 

998 

996,004 

994,011,992 

31-59114 

9-99333 

999 

998,001 

997,002,999 

31-60696 

9-99666 

1000 

1,000,000 

1,000,000,000 

31-62278 

10-00000 


Reciprocals. 

•0010811 

•0010799 

•0010787 

•0010776 

•0010764 

•0010753 

•0010741 

•0010730 

•0010718 

•0010707 

•0010695 

•0010684 

•0010672 

•0010661 

•0010650 

•0010638 

•0010627 

•0010616 

•0010604 

■0010593 

•0010582 

•0010571 

•0010560 

•0010548 

•0010537 

•0010526 

•0010515 

•0010504 

•0010493 

•0010482 

•0010471 

•0010460 

•0010449 

•0010438 

•0010427 

•0010417 

•0010417 

•0010405 

•0010384 

•0010373 

•0010363 

•0010352 

•0010341 

•0010330 

■0010320 

■0010309 

•0010299 

•0010288 

•0010277 

•0010267 

•0010256 

•0010246 

•0010235 

•0010225 

•0010214 

•0010204 

•0010192 

•0010183 

•0010173 

•0010163 

•0010152 

•0010142 

•0010132 

•0010121 

•0010111 

•0010101 

•0010091 

•0010081 

•0010070 

•0010060 

•0010050 

•0010040 

■0010030 

•0010020 

•0010010 

■0010000 


John Heywood, Excelsior Steam Printing and Bookbinding Works, Hulme Hall ltoad, Manchester. 





















APPENDIX. 

The Establishment of New Pits, &c. 


When establishing a new colliery, before commencing mining operations, you should decide 
how far you intend to go in order to reach the extreme boundary, and all royalties should be arranged 
and the best situation for the plant selected. If there are several royalties to contend with between 
where you wish to fix the pits or inclines and the boundary, they should be arranged for before you 
commence operations, and if you drive to the extreme boundary you should pay no royalty until the 
place is in full working order. If the strata is strong and free from quicksand or water, and the 
mines crop out near the surface, in preference to sinking perpendiculaily, you s iou nv ® ow *j 
inclines from the surface, following the inclination of the mines to any depth required A goo 
substantial, roomy engine plane should be formed, and also a good substantial roadway driven on 
each side of the engine plane, with from forty to fifty yards of pillars between the roadways T ese 
three main roadways should be driven as far as the royalties extended. After driving certain dis¬ 
tances, say 300 to 400 yards, you should drive out right and left to the extreme boundaries. The 
longwall faces might then he formed and worked homewards. The length of the face shou d e 
gauged by the quantity of coal wanted daily. All working faces should have one holing daily, w ic 
would cause less crush. The ranks might then he worked out within 200 yards of the mam engine 
brow, and while this was being done you should press forward with the three main engine roa ways 
towards the deep, and have another rank ready while the first was being worked out. You can 
proceed in this way to the end of the royalty, or whatever distance you might desire to go. n e 
blocks of coal on either side of the engine incline planes you should always have substantial an 
roomy return air-roads right out to the surface; but in preference to the above you might drive 
down to the extreme dip and work the bottom rank first, working upwaids. y t is p an you eave 
all the water behind, which makes all the gobs quite close and leaves no room for the lodgement of 
gas. The underground haulage might be done by an endless rope or chain from the bottom of eac 
rank—going right and left to the extreme boundary—worked by compressed air or steam, and e 
coal brought from the workings to the endless rope by self-acting inclines; or the haulage might be 
done by horses of from 14 to 16 hands high, taking the coal from the working faces along the mam 
levels to the main engine brow, and from these points conveyed to the surface by the engine plane 
by surface engines. A road one mile in length, well laid, with a good form of waggon rails, an a 
fall of one-eighth inch per yard with the full load, the waggon wheels being ten to twe ve me les m 
diameter, and the tubs holding half a ton each, one horse would draw fifteen waggons at once an^ 
make ten journeys per day of ten hours. Then we get: 15 waggons, i ton each - 7 ? tons x 10 
75 tons at id. = 6s. 3d. per day per horse and driver. Fan ventilation would suit this plan o 
working best. If you should encounter much water in driving down the brows, you might e. er 
sink perpendicular shafts by which to pump the water, or erect underground engines at different 
stages down the inclines, to force the water up the inclines by compressed air « 
might pump the water by wire rope or iron rods from the surface engines m any c 
the ram pumps. When setting out new plant you may sometimes evade quicksan or o 
ground by shifting a few yards from the place best suited for surface and underground arrangemen s 
but if you move too far away it might be worse than contending with bad ground or a few surface 
t„s. It is most important to have the shafts or down brows so fixed as to sm the under 
oround arrangements. There are many collieries planted to suit the existing roads, canals, railroads, 

etc which, by being so placed, cause the underground arrangements to be more expensive after¬ 
wards to workf and the ventilation more difficult to manage, than would have been the case had the 
pits been fixed at the proper place, so as to give the underground levels equal distance right and 

left to the boundary. 

Errata. 

Pao-e 22, last line, for walling read sinking. , . , c , .. 

In°Plan No. 5, the hauling can be done on all levels from the working faces to the shaft jig- 

brow out » ^ . When driving out levels or roadways, by frequently boring the roof 

it will liberate the gas and cause the roof to set. I have known hundreds of yards of roadways 
which have required no timber by the adoption of this plan. 
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